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Chapter 1 

INTRODUCTION 

1.1 Background for the Problem 

High-temperature gases passing over a surface may result in a large 
heat flux to the surface. Film cooling the exposed surface is one means 
of reducing heat flux, and thus surface temperature. With this method, 
coolant is injected through the surface and into the boundary layer over 
the surface. Providing the coolant is distributed properly, it will act 
as an effective heat sink and protect the surface from the hot mainstream 
gases. 

A primary use for film cooling is to protect the blades of the high- 
pressure turbine component of a gas turbine engine from hot combustion 
gases. Conventional film cooling may be accomplished by coolant injection 
through one or more rows of slots or discrete holes in the surface or 
through a porous strip in the surface. With these methods the region of 
greatest blade protection is the local region dovmstream of the injection 
sites, which are generally at the blade leading and trailing edges. 

As turbine inlet gas temperature is increased in an effort to im- 
prove engine thermodynamic efficiency, it will become important 'to cool 
the high-pressure turbine blades over their entire exterior, as opposed to 
locally film cooling the leading and trailing edges. This may be accom- 
plished either by transpiration cooling through a porous blade surface or 
by full-coverage film cooling through an array of small discrete holes 
that covers the entire blade surface (Esgar 1971). In principle, either 
method will allow the use of a mainstream gas temperature well in excess 
of that which will melt a metallic surface. At the present time, though, 
transpiration cooling appears the least feasible of the two cooling 
schemes, because of difficulties with the structural integrity of the 
porous "skin" which forms the surface, and because of susceptibility to 
pore clogging. Discrete hole, full-coverage cooling looks promising. 
The work described herein is an experimental and analytical study of heat 
transfer to the turbulent boundary layer over a full-coverage film-cooled 
surface. 

1 
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1.2 Full-Coverage Fi lm Cooling 

The concept of full-coverage film  cooling is illustrated in Figure 
1.1, showing a blade and blade cavity. The holes on the-blade surface 
form  .a staggered array; the injectant leaves the surface at an acute 
angle, In the film -cooling process, coolant is delivered into the interior 
of -the blade thru an insert which forces the coolant to impinge on the 
inner surface of the blade. The coolant then exits through the holes and 
into the boundary layer over the surface at velocity U2 and temperature 
T2 . The mainstream velocity is U, , the mainstream gas temperature is 

%  ' and T  
0 

is the blade temperature. 

MAINSTREAM 
FLOW A 

FULL-COVERAGE- 
TURBINE BLADI 

BLADE 
INSERT 

Figure 1.1 Full-coverage film -cooled turbine blade and blade cavity 

--._c .--.__ --- 
,. ‘.. . . -‘--~-- 
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Heat'transfer between a surface and the fluid flowing over the sur- 

face in the presence of film cooling is affected by the hydrodynamic and. 
thermal characteristics of the injectant and mainstream flow, the surface 

thermal. boundary condition, and the coolant hole pattern and injection 

angle. One important hydrodynamic characteristic is a blowing ratio, 

the ratio of the injectant-to-mainstream mass flux. This can be described 

in two ways: averaged over the area of one hole, 

, Pi5 
M r - 

/ . . %A0 

or averaged over the area associated with one hole (Figure 1.2) 

2 
= f.$?- 

4P2 

(1.1) 

(1.2) 

The thermal characteristics of the injectant and mainstream flow can be 

linked to the surface thermal boundary condition, 

(1.3) 

Other useful parameters include: the ratio of boundary layer enthalpy 

thickness-to-hole diameter, A,/D ; the ratio of boundary layer momentum 

thickness-to-hole diameter, 6,/D ; and the ratio of the viscous length 

scale to the hole diameter, (w/U~>/D . The cooling configuration is 

described by the ratio of the hole spacing to the hole diameter, P/D , 

and by the hole axis angle, a . 
A study of the fluid mechanics and heat transfer of a film-cooled 

surface has been in progress at Stanford for the past several years. 

The study, which includes the work reported herein, has been carried 

out using flat full-coverage film-cooled surfaces. The study has been 
conducted using geometrical and Reynolds number similarity to actual 
film-cooled turbine blades, but not Mach number or Eckert number 

similarity. Surface curvature, rotation, high mainstream turbulence, 
and pressure gradient effects are not considered. 

3 
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Figure 1.2 Hole-pattern and heat transfer area for slant-hole injection 
test surface 
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1.3 Heat Transfer with Film Cooling 

The convective rate equation used to describe surface heat flux in 

boundary-layer flows with wall mass flux is 

l 11 

40 

= h(T - T,) 
0 

(1.4) 

where h is a heat-transfer coefficient and To and T, are wall and 

mainstream temperatures, respectively (mainstream recovery temperature, 
T m,r ' for high-velocity flows). For film cooling, the convention ac- 
cepted in the past was to alter the above equation by replacing T, with 
T aw ' the temperature the wall would assume in the presence of film 

cooling but with zero heat flux, and by replacing h with ho , the heat 
transfer coefficient without wall mass flux (film cooling) 

l I I  

40 
= ho(To - Taw> (1.5) 

In using equation (1.5) it is assumed that ho , the heat transfer 

coefficient in the absence of film cooling, is also appropriate for use 
with film cooling. Based on this assumption, most experimental investi- 
gations to date (Goldstein 1971) have concentrated upon obtaining Taw 

for various injection geometries and blowing ratios and correlating it 
in terms of a film-effectiveness parameter, 

T aw - TcxJ 
rl = 

T2 -Tco 
(1.6) 

However, as pointed out by Metzger and Fletcher (1971) and others, the 

heat-transfer coefficient in the region immediately downstream of injec- 

tion can be significantly different from ho . Thus an experimental 
heat transfer coefficient, h* , is required to replace ho in equation 

(1.5) to predict surface heat flux. 

A new approach to film cooling has been developed at Stanford, based 

on equation 1.4 instead of equation 1.5 (Choe, Kays, and Moffat 1976). 

This was evolved from consideration of transpiration cooling. 
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The similarities between full coverage film cooling and transpiration 

cooling suggested this approach; the differences proved easy to handle. 

There are two important regions on a film-cooled surface, the full- 

coverage region and the downstream recovery region. The major concern 

here is in the full-coverage region, i.e., the area around the holes. 

Geometrically, transpiration cooling differs from full-coverage film 

cooling in that with the latter the holes are usually large relative to 

the ,boundary layer thickness and consequently the injectant temperature 

is often different from the surface temperature. From a fluid mechanics 

standpoint, full-coverage film cooling jets penetrate the sublayer of 

the turbulent boundary layer, while with transpiration cooling the in- 

jectant stays within the sublayer. From a heat transfer standpoint, 

with full-coverage film cooling the surface heat flux decreases to a 

minimum as the blowing rate increases. With a further increase in the 

blowing rate heat flux may begin to increase, whereas with transpiration 

cooling the heat flux continuously decreases. Despite these differences 

it is suggested that full-coverage film cooling be treated using the 

variables found useful in transpiration cooling since, physically, transpi- 

ration is a limiting case of discrete-hole, full-coverage film cooling 

as hole diameter and spacing is decreased relative to boundary layer 

thickness. 

To approach full-coverage film cooling from the viewpoint of transpi- 

ration cooling, the concepts of h* and T aw ' developed for the recovery 

region downstream of a slot or row of holes are abandoned, and the heat 

transfer convective rate equation (1.4) used with transpiration cooling 

is employed. In this equation the heat flux is the local average over 

the surface area associated with each hole (shown in Figure 1.2). 

Equation (1.4) defines the heat transfer coefficient which, for the 

work reported herein, can be functionally described in terms of a Stanton 

number, dependent upon several parameters. 

h 
pm %= 

P , Pr , 5, c1 , l *' 1 (1.7) 



As mentioned above, full-coverage film cooling differs from tran- 

spiration cooling in that the injectant can leave the surface with a 

temperature T2, different from the surface temperature T 
0 l 

The heat 

transfer problem involves three temperature potentials as reflected by 
the 8 parameter. With the new approach to film cooling, using equation 

(1.4) to define h , the dependence of the Stanton number upon injection 

temperature, or 8 , is easily described. 
To obtain Stanton number as a function of 0 , experiments using 

two injectant temperatures are required, with all other parameters fixed, 

to provide two fundamental data sets. Then, appealing to the linearity 
of the constant-property thermal energy equation, superposition is ap- 

plied to determine h or St as a continuous function of 8 , 

St w = st(e=o) - 8 x [st(e=o) - st(e=i)] (1.'8) 

The 8 parameter and superposition were first defined for use with 

film cooling by Metzger, Carper, and Swank (1968) in conjunction with 

transient film cooling heat transfer measurements. 

1.4 Literature Review 

A general review of film cooling can be found in Goldstein (1971), 

and a review of discrete hole film cooling is given by Choe et al. (1976). 

Work done at Stanford on transpiration cooling is reviewed by Kays and 

Moffat (1975). Contained in this section will be a review of experimental 

and analytical works associated with full-coverage film cooling. 

1.4.1 Experimental Works 

LeBrocq, Launder, and Pridden (1971) studied the effects of 
hole-pattern arrangement, injection angle, coolant-mainstream density 
ratio, and blowing ratio on r\ . Their tests were primarily conducted 
on plates with a pitch-diameter ratio of 8 . The hole patterns were in- 
line and staggered, with normal injection (hole axis perpendicular to' 

the surface), and staggered with 45" downstream-angled injection. Re- 

sults of their investigation include: the staggered hole pattern is 
more effective because the jets penetrate less into the boundary layer; 

7 



there exists a blowing ratio for which II is a maximum, and for higher 

blowing ratios, ll decreases; angled injection is more effective than 

normal injection. 

Launder and York (1973) studied the effects of mainstream accelera- 

tion and turbulence level on D using the staggered, 45" slant-hole 

test section described in the previous paragraph. Bascially it was a 

study of laminar film-cooling jets issuing into a turbulent mainstream, 

and their results hinged on this fact. They found that in the presence 

of an accelerated mainstream the effectiveness increases due to delayed 

transition of the laminar jets. When the mainstream turbulence level 

is increased, in the accelerated region, the values of TJ go down 10 

percent. For high mainstream turbulence without acceleration the ef- 

fectiveness values remain unchanged. 

Metzger, Takeuchi, and Kuenstler (1973) studied both effectiveness 

and heat transfer on a full-coverage surface with normal holes spaced 

4.8 diameters apart and arranged in both in-line and staggered patterns. 

They appear to be the first investigators to report measurements of local 

heat transfer coefficients, h* , within a discrete-hole array. Their 

investigation concludes that a staggered pattern yields a higher TI than 

does an in-line pattern, and that h* can be 20 to 25 percent higher 

than ho (without film cooling). 

Mayle and Camarata (1975) examined the effects of hole spacing and 

blowing ratio on heat transfer and film effectiveness for a staggered 

hole array with compound-angle injection. The holes were angled 30" to 

the plate surface and 45" to the mainstream with P/D values of 8, 10, 

and 14. Their results include: higher effectivenesses are obtained 

with P/D values of 10 and 8 than with 14, regardless of coolant-flow 

ratio; there is a blowing ratio that yields a maximum n ; the heat trans- 

fer coefficient, h* , is significantly higher than ho and becomes 

almost constant (independent of the number of rows of holes) for all M 

at P/D = 8 , but only for high blowing ratios with a P/D = 10 ; and 

past the last row of holes, h* rapidly returns to h . 
0 

Choe, Kays, and Moffat (1976) studied the effects on heat transfer 

of hole spacing, blowing ratio, mainstream velocity, and initial condi- 
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tion& upstream of the discrete-hole array. They used normal injection 

with a staggered array and hole spacings of 5 and 10 diameters. Stanton 

number data were taken for two values of injectant temperature, corres- 

ponding to 8 equal to 0 and 1 , and linear superposition was applied 

to obtain Stanton number as a continuous function of injectant tempera- 

ture. The data were correlated using the same parameters used with tran- 
spiration investigations. Their results include: for a constant mass 

flow F , a P/D of 10 produces a much-diminished cooling effect when 

compared with a P/D of 5 ; in the initial region (first few rows of 

holes) there is not much cooling and, in fact, St/St 
0 

can be greater 

than unity; changes of mainstream velocity and upstream initial condi- 

tions have little if any effect on St/St0 ; in the downstream recovery 

region, the ratio St/St0 rapidly returns to unity. 

1.4.2 Analytical Works 

Methods presently available to predict wall temperature, film 

effectiveness, and heat transfer coefficient can be categorized into three 

types: superposition of single-jet effectiveness data, boundary layer 

finite-difference methods, and energy integral equation analysis. 

Superposition of film-effectiveness data for individual jets to pre- 

dict rl is described by Goldstein et al. (1969) and Eriksen, Eckert, 

and Goldstein (1971). With the method, the injection is modeled as a 

point heat source located above the wall, and a reduced form of the energy 

equation is solved and normalized to give ?l as a function of both sp,an- 

wise and streamwise distance. Mayle and Camarata (1975) developed an 

improved superposition method to predict their full-coverage data. Their 

final prediction equation contained two parameters that are functions of 

M and P/D . 

Prediction of wall temperature and effectiveness downstream of two- 

and three-dimensional film-cooling slots has been investigated by Pai 

and Whitelaw (1971), and Patankar, Rastogi, and Whitelaw (1973), respec- 

tively. For two-dimensional slots, the boundary layer differential equa- 

tions were solved, using a mixing-length hypothesis to model the eddy vis- 

cosity. The mixing-length was augmented algebraically to reflect the 

large increase in turbulent mixing associated with the injection process. 
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For three-dimensional slots, the Navier-Stokes equations 'were reduced to 

elliptic in the cross-plane and parabolic in the direction of flow and 

solved numerically. Again a mixing-length hypothesis was used, with an 

algebraic augmentation to account for increased turbulent mixing. 

A finite-difference method for predicting flow over a full-coverage 

film-cooled surface is reported by Herring (1975). He started with the 

Navier-Stokes equations and stagnation enthalpy equation and spanwise- 

averaged them using a decomposition that reflects the periodic nature of 

the flow inthe lateral direction. Boundary layer assumptions were then 

invoked to render them parabolic. The nonlinear convective terms arising 

from the spanwise-averaging process were obtained from a simultaneous 

solution to a set of ordinary differential equations describing a jet in 

crossflow. Augmentation of the turbulent shear stress due to jet- 

boundary layer interaction was considered. He reports velocity profile 

predictions but no heat transfer. 

Choe et al. (1976) developed both integral and differential analyses 

to'predict their data. For the integral analysis, they developed an 

energy integral equation and successfully correlated their data for use 

in the equation, in conjunction with linear superposition. They also 

developed a finite-difference method for predicting heat transfer with 

full-coverage film cooling, solving equations of similar form to those 

given by Herring (1975). However, Choe et al. (1976) arrived at the 

equations using local averaging, and used different models for the in- 

jection process, the nonlinear terms, and the augmented turbulent mixing. 

With local averaging, the area for averaging moves continuously over the 

area associated with one hole (similar to that shown in Figure 1.2). 

With this concept they were able to model the injection process as tran- 

spiration rather than discrete injection. The nonlinear terms were 

modeled by decomposing them into two parts, and interpreting one part to 

be a contribution to increased turbulent mixing and the second part as a 

momentum or energy source. The augmented turbulent mixing was modeled 

using an algebraic equation. Choe et al. (1976) successfully predicted 

most of their Stanton number data for low to moderate blowing ratios and 

P/D values of 5 and 10 . Two constants were used in the modeling 

prdcess. 
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To date, the only fully three-dimensional, finite-difference pre- 

diction method is given by Bergeles, Gosman, and Launder (1975).. They 

developed a procedure for predicting the laminar hydrodynamic and thermal 

field over a full-coverage film-cooled surface. Their numerical scheme 

is a partially parabolic type, with similarities to that described by 

Patankar et al. (1973), but with one very important exception: the pres- 

sure field is held in a three-dimensional array to account for local 

mainstream-direction pressure gradients, especially in the vicinity of 

the injection location. The solution procedure is thus an iterative type, 

requiring a fairly lengthy computation time. 

1.5‘ Objectives for the Present Research : 

The present study had three main objectives relating to heat trans- 

fer with full-coverage film cooling. 
The first objective was to provide a broad experimental data base 

for use in developing integral or differential methods to predict surface 

heat flux on a full-coverage film-cooled surface. The data base was to 

contain spanwise-averaged heat transfer coefficients within the discrete- 

hole array, and local coefficients in the downstream recovery region ,, 

past the final row of holes. Upstream initial velocity and temperature 

profiles were to accompany the data. The data were to be taken using 
two test surfaces (i.e., two different hole spacings) with systematic 

variation of ,the blowing ratio, various upstream initial conditions, and 

with two values of injectant temperature at each blowing ratio. 

The second objective was to provide velocity and temperature pro- 

files of the boundary layer over the discrete-hole array. The velocity 

profiles when spanwise-averaged would permit computation of a mixing-- 

length profile for use in developing a mixing-length model for differ- 

ential prediction of the data. The temperature profiles when spanwise: 
averaged would be used to compute enthalpy thicknesses for comparison 

with those obtained from integration of the energy integral equation. 
The third objective was to carry out both an integral and a differ- 

ential analysis of the data. The integral analysis was to consist of 

correlating the data for use in an integral energy equation prediction 
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method. The differential analysis was to develop a finite-difference 

prediction method which could reproduce the experimental data base. 
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Chapter 2 

EXPERIMENTAL FACILITY AND METHODOLOGY 

2.1 Discrete Hole Rig 

The heat transfer facility, hereafter referred to as the Discrete 

Hole Rig, was designed and built specifically for the purpose of study- 

ing full-coverage film cooling over a flat surface. The facility is doc- 

umented in Choe, Kays, and Moffat (1976) and in the doctoral thesis of 

Choe (1975). 
The Discrete Hole Rig is a closed-loop wind tunnel which delivers 

air at ambient pressure and constant temperature. The test section and 

its preplate,and afterplate can be heated as much as 20°C above the 

mainstream air temperature. A secondary loop of the wind tunnel delivers 

the blowing air, heated or cooled, to the test section. Figure 2.1 shows 

a flow schematic of the systems that comprise the Discrete Hole Rig. A 

photograph is shown in Figure 2.2 . 

2.1.1 Primary Air Supply System 

The main loop is driven by a fan which delivers air to an 
oblique header which turns the flow into a heat exchanger. The flow pas- 

ses through the exchanger, a screen pack, and a contraction nozzle before 

entering the tunnel test section. Flow leaves the test section via a 

plenum box which serves to supply both the secondary blower and primary 

fan. The test duct is 20.3 cm high by 50.8 cm wide by 3.05 m in the flow 

direction. The flow entering the duct has a velocity profile that is 

flat to within about 0.15 percent, and a longitudinal turbulence inten- 

sity of about 0.5 percent. The tunnel velokity is controlled by changing 
pulleys and belts on the fan and drive, and it can be varied in steps 
from 9 m/s to 35 m/s . 

The tunnel floor consists of an upstream preplate, a test section, 

and a downstream afterplate. The sidewalls and topwall are plexiglass. 

The topwall is flexible and is adjusted to produce the desired static 

pressure distribution in the flow direction. For the experiments de- 

scribedherein a zero pressure gradient, i.e., constant velocity, boundary 
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condition was used. To obtain this condition the.top wall was set to 

produce a uniform static pressure for each data run, with permissible 

deviation of no more than 0.25 mm of, water-pressure difference from the 

beginning of the test section to the, downstream edge of the afterplate. 

2.L.2 Secondary Air Supply Sys'tem 

The secondary loop is driven by a blower which delivers air 

through a flexible duct to an oblique header which turns the flow into 

a secondary heat exchanger to control the blowing air temperature. The 

flow passes through the exchanger, a bank of finned heate:rs, a screen 

pack, and into a plenum box which contains an ll-pipe manifold, with 

each pipe containing a valve for flow rate control. 

The 11-pipe manifold splits the secondary flow into 11 channels, 

one for each row of holes, and delivers it via delivery tubes to the dis- 

.tribution manifolds. Valves in each leg of the 11-pipe manifold regulate 

the flow channel by channel. Hot-wire flowmeters installed in the de- 

livery tubes measure the secondary air flow rate for each channel. Each 

distribution manifold contains trim-adjust valves for assuring uniform 

flow rate, within 1.5 percent, to each of the 8 or 9 tubes that supply 

a row of holes in the test section. Secondary air flow rate can be 

varied through pulleys and belts on the blower and drive, in conjunction 

with the 11 main valves, to yield a range of blowing ratios from 0 to 

1.5 over the range of mainstream velocities given 

section. 

2.1.3 Test Plate Electrical Power System 

The test-plate electrical power system 

in the preceding 

delivers heater power 

to each of 12 plates that comprise the discrete-hole test section. Power 

is supplied from a 120-volt AC, L#I source that is passed through two 

voltage stabilizers and delivered to 12 step-down variable transformers. 

The power is then delivered to each plate. A switching circuit allows a 

wattmeter to be inserted for plate power measurements. 

2.1.4 Preplate/Afterplate Heating System 

The preplate and afterplate heating system is a closed-loop 

hot-water system which operates with continuous water flow. Recirculated 
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water passes through two water heaters in series and is delivered to an 
inlet manifold where it passes through rectangular tubes within the 

plates. From the exit manifold the water is returned to the recircula- 

tion pump. Water temperature is held constant using a set-point propor- 
tional controller connected to one of the heaters. The rectangular tubes 
are coupled to the feeder manifolds with individual tubes. This feature 
allows the preplate to be disconnected from the manifolds for t.ests with 

an unheated starting length. 

-2.1.5 Heat Exchanger Cooling Water System 

The heat exchanger cooling system is a semi-closed loop system 

which continuously circulates water from an insulated holding tank. Flow 

rate is maintained high enough to ensure uniform temperature of the main- 

stream air being cooled. The secondary air heat exchanger is also plumbed 

into the system. Temperature control of the cooling water is achieved by 

dumping a portion of the recirculated water and replenishing with make-up 

water from a cold-water supply main. 

2.2 The Test Surface 

The floor of the tunnel duct constitutes the test surface, and it 

is formed by three sections: a preplate, a test section, and an after- 

plate. The preplate and afterplate are isolated from the test section 

with balsa wood, and the three surfaces are leveled to form a continuous, 

smooth surface. 

2.2.1 Discrete Hole Test Section 
The test section is composed of a frame and 12 plates. The 

frame consists of aluminum side rails with phenolic cross ribs. 1tis 

4 cm wider than the tunnel floor span, and 61 cm long in the flow direc- 

tion. Copper plates, 0.6 cm deep by 46 cm wide by 5 cm long in the flow 

direction, form the test surface, with the first plate blank and the 11 

downstream plates containing alternating rows of 9 holes and 8 holes. 

The blank plate serves as a guard heater for the first blowing plate. 

Each of the 94 holes is, connected to.an individually adjusted flow tube. 

-The holes are each 1.03 cm diameter and are,spaced on 5-diameter centers 

to form a staggered hole array. Figure 2.3 is a photograph of the array. 
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The plates are heated by resistance wires installed in slots math- 

ined into the back side of each plate. There are two resistance wires for i: 

each plate, made of size 28 AWG Chrome1 wire, and bussed across one end 

with copper wire to give an overall resistance of about 8 ohms. The 

wire leads are connected to the test-plate electrical power system. Four 
iron-constantan thermocouples, made of size 30 AWG duplex wire, are in- 

stalled into each plate from the back side, with each thermocouple lo- 

cated midway between two adjacent holes. 

The plates are supported on phenolic cross ribs. The ribs have 

steps machined into them to support the plates and contain clearance 

holes for the delivery tubes, which leave the plate at a 30" angle. The 

side rails contain water passages for heating, to minimize conduction 

heat loss from the plates. Bottom plates with tube clearance holes close 

the frame cavity. Heating water tubes on the bottom plates, parallel to 

the cross ribs, serve to regulate the cavity temperature. Figure 2.4 

shows a cross-sectional view of the discrete hole test section, and Fig- 

ure 2.5 shows a photograph of a close-up of the test surface. 

Delivery tubes for the slant-hole test section are glued into re- 

cesses cut into the back side of each plate, as shown in the photograph 
in Figure 2.6 . The tubes, made of linen phenolic, extend back at a 30“ 

angle to the plate surface for a distance of 35 cm and are then turned in 

the downward direction by elbows. One tube in each plate contains an 

iron-constantan thermocouple located upstream of the point where the tube 

enters the frame cavity. The cavity is loosely packed with insulating 

material to minimize heat loss from the back sides of the plates. 

2.2.2 Preplate and Afterplate 

The preplate and afterplate test surfaces are identical in 

design. Each plate is formed by 48 rectangular copper tubes and 

insulated on the back side. Each tube, 2.6 cm long in the flow direction, 

is covered by 3 thin sheets of bakelite and a thin copper sheet. The 

tubes are isolated from each other with thin spacers across the tube 

span. An iron-constantan thermocouple is imbedded in the back side of 

the copper sheet. Hot water can be passed through 24 tubes in each 

plate for surface temperature control. The heating section of each 
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plate butts against the test section. 

Surface heat flux for each water-heated tube can be measured with 
a heat flux meter installed in the middle bakelite laminate and below 

the thermocouple location. Each meter is 5 cm wide by 0.4 mm thick and 

wound with multiple silver-constantan thermocouples to measure tempera- 

ture difference across its thickness. 

2.3 Rigand Measurement 

Measurements of the various physical quantities necessary to compute 

Stanton numbers or velocity and temperature profiles are described in 

this section. In addition, uncertainties in their measurements are given, 

obtained following Kline and McClintock (1953). 

2.3.1 Temperature 
All surface temperatures, secondary air temperatures, and 

the mainstream temperature were measured with iron-constantan thermo- 

couples. Samples of the wire were calibrated against a precision quartz 

thermometer, and the resulting calibration curves were incorporated into 

the data-reduction program. 
All thermocouple wires were brought to constant temperature zone 

boxes at the measurement console and attached to selector switches. To 

avoid sharp temperature gradients along the wires, most of the wires were 

sheathed in plastic tubing from point of origin to the zone boxes. 

The thermocouples were installed in the test section plates and 

side rails, following Moffat (1968), to ensure adequate immersion depth. 
The four thermocouples in each plate were initially used to ensure the 

plate was operating at near-isothermal conditions, and then were connected 

in parallel to provide an average surface temperature. The use of thick 

copper plates plus the heating of the side rails to near plate temperature 

gave an isothermal boundary condition. 
The temperature of the mainstream air was measured with a thermo- 

couple whose junction was normal to the flow. The indicated temperature 

was corrected for velocity error following Moffat (1962), and then to re- 

covery gas temperature using a recovery factor equal to the air Prandtl 
number raised to the one-third power. The recovery temperature was most 

important in formulating the Stanton number for the U, = 35 m/s data, 
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where the kinetic temperature is about 5 percent of the plate-to-main- 

stream temperature driving potential. 

Uncertainty in a thermocouple measurement was O.14'C. 

2.3.2 Pressure 

Tunnel static pressure and mainstream dynamic pressure were 

measured with inclined manometers. Static pressure was measured from 

taps located in one of the tunnel sidewalls. The mainstream dynamic 

pressure was measured with a Kiel probe. Uncertainty in these pressure 

measurements was 0.25 mm water. This uncertainty also applies to the 

.zero pressure gradient tunnel condition (recall that this condition was 

established by requiring a static pressure difference of no more than 

0.25 mm of water between the upstream edge of the test section and the 

downstream edge of the afterplate). 

2.3.3 Test Plate Power 

Power delivered to each of the discrete-hole test plates 

was measured by inserting a precision AC wattmeter into the plate power 

circuit. Because the insertion changes the circuit impedance, a circuit 

analysis was carried out to account for insertion loss. The analysis is 

similar to the one described in Choe (1975). The insertion-loss analysis, 

along with the wattmeter calibration, is incorporated into the data-re- 

duction program. Uncertainty in plate power measurement was 0.3 watts. 

2.3.4 Afterplate Heat Flux 

Heat transfer from each afterplate cell was measured by a 

heat flux meter. Each meter was calibrated by Choe (1975) to account 

for heat loss through the meter to adjacent plates and to the plate sur- 

face, and the calibrations are incorporated into the data-reduction pro- 

gram. Uncertainty in a heat flux meter measurement was 2 percent of cal- 

culated heat flux. 

2.3.5 Secondary Air Flow Bate 

The hot-wire flowmeters used to measure secondary air flow 

rate and their calibrations are described by Choe (1975). Each flow- 

meter consists of a constant-current heating element and a thermocouple 

circuit, with the circuit measuring the temperature difference between 
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the upstream air and the heating element. The flowmeters are installed 

at the downstream end of 2 m delivery tubes and calibrated in pla,ce..,. 

Flowmeter calculations in the data-reduction program consider'corretitions 

due to air property changes and zero shift. Uncertainty in secondary air 

flow rate for a row of holes was about 3 percent of calculated flow rate. 

2.3.6 Velocity and Temperature Profiles 

Velocity profiles were obtained by traversing 

layer with a round, 0.5 mm outside diameter pitot probe. 

dynamic pressure was measured with a pressure transducer, 

the boundary 

The resulting 

calibrated with 

a resulting uncertainty of about 0.05 mm of water over the pressure range 
of interest. Uncertainty in velocity was about 1.5 percent of calculated 

velocity. 
Temperature profiles were acquired by traversing the boundary layer 

with an 0.08 mm diameter chromel-constantan thermocouple probe. The 

probe was calibrated using a precision quartz thermometer to give an un- 

certainty in temperature of 0.08OC. I. 

2.4 Formulation of the Heat Transfer Data 

Experimental heat transfer data from the discrete-hole test section 

are presented in terms of a Stanton number, defined as 

St = A conv 
f-0tPcoUcoC (To-Ta, r) , 

(2.1) 

In the above definition, Atot is the total surface area for one plate, 

including the holes; p, , c , and U, are density, specific heat, 

and velocity for the mainstream air; T and T 
0 wsr 

are the plate tem- 

perature and mainstream recovery temperature (see 2.3.1 for a discussion 

of T ). 
msl: 
The $coni term represents heat transferred from the test plate to 

the boundary layer by forced convection. To evaluate this term (based on 

total measured power)requires construction of a model for the heat trans- 

fer behavior of the experimental system. The model consists of an energy 

balance on the plate, summarized by: 
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4 c onv = %upplied - Gasses (2.2) 

power 

The heat losses in the above equation are decomposed into 

. 
'losses = 'rad +;1 cond + ;Iflow (2.3) 

where 4 rad is thermal radiation from the plate top, tcond is heat 

conduction between adjacent plates (or end plates and preplate and after- 

plate) and between the plate and frame, and iflow is heat transferred 

by convection from the plate to the secondary air as it passes through 

the plate. 
Experimental heat transfer data from the cells that form the after- 

plate are also presented in terms of a Stanton number, with equation 

(2.1) modified by replacing iconv/Atot with the heat flux meter signal, 

appropriately converted. To obtain the heat flux, equation (2.2) was 

used, with the terms considered to be on a per unit area basis. Equation 

(2.3) was also used, with the loss modes considered on a per unit area 

basis and ;Iflow neglected. 

In the following sub-sections, heat loss components and the second- 

ary air exit temperature will be described, along with energy balance 

closure tests to validate the use of equations (2.2) and (2.3). In addi- 

tion, uncertainty in the Stanton number is discussed. Values of the 

constants used in the following section are contained in the Stanton Num- 

ber Data Reduction Program in Appendix III. 

2.4.1 Radiation Loss 

Radiation from the plate top surface is modeled using 

;I rad = EMIS e Atot CT (T,4 - T:l (2.4) 

This model assumes that the radiation shape factor is 1.0, i.e., the 

plate sees only the plexiglass tunnel walls at T, , and that the air 
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radiation absorption is negligible. There will be no radiation loss 

from the back side of the plate because the cavity is packed with insula- 

tion. 

2.4.2 Conduction Loss 
Heat transfer by conduction is modeled as 

;1 cond = Ki ’ (To i - Tcav $ + St ’ (To i - To f+l) , , , 9 
(2.5) 

+ si-l l (To i - To i-1) 
,  ,  

where the subscripts denote the plate under consideration and its adja- 

cent plates, and K and S are conductances. For the afterplate, the 

lateral conductances were measured by Choe (1975). 

The S conductances between the preplate and the first test section 

plate, and between the last test section plate and the afterplate, were 
established by experiments of the type described by Choe (1975). A cal- 

ibration unit containing three heaters in an insulated shell was placed 

over the area where the test section joins the preplate (or afterplate), 

with one element over the test section plate and the other elements over 

the two adjacent cells. The heaters were operated in three modes: the 

first with the same power to all heaters; the second with one of the 

guard heaters off; the third with both guard heaters off. An energy bal- 

ance for the cell adjacent to the test section plate (under the middle 

heater) permitted the values for S between the cell and the plate to be 

obtained. 

The S conductances between adjacent plates within the test section 

were calculated based on the geometries and materials involved. Heat 

transfer results are not very sensitive to these values since all plates 
were operated at the same temperature in any case, within a fraction of 

a degree. 

The K conductances between the test section plates and the frame 

were established by experiments of the type described by Choe (1975). 

The sidewalls and topwall were removed and a g-cm thick Styrofoam block 

was placed on top of the discrete hole test section. The plates were 

then heated to a uniform temperature and the frame and cavity cooled by 
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the cold water supply, resulting in a temperature difference of about 

15*c. Plate and cavity temperatures and plate power were measured and a 

resulting K conductance was calculated. In the calculations, heat loss 

through the Styrofoam was considered to be 11 percent of the power pro- 

vided (obtained from analytical considerations). 

Definition of the effective cavity temperature was based on analy- 

sis of the frame and cavity temperature distribution. The frame was in- 

strumented with two thermocouples each in the front and rear rails of 

the frame, three thermocouples along each of the two aluminum side rails, 

and one thermocouple in each of the four aluminum bottom plates. From 

this resulting temperature field, coupled'with analysis, it was deter- 

mined that, because the cavity was composed of low thermal-conductivity 

materials, base-plate temperatures had a negligible influence on the 

plate conduction losses. Therefore the arithmetic average of the side- 

rail temperatures were used along with linear interpolation to obtain 

cavity temperatures. In fact, since the siderails and bottom plates 

were heated to near plate temperature to minimize conduction losses, a 

precise formulation of the cavity temperatures was not required. 

Uncertainty in an experimentally obtained conductance was about 

15 percent of its indicated value. 

2.4.3 Secondary Air Exit Temperature 

The secondary air exit temperature was different from the 

inlet temperature due to heat transfer between the air and the test sec- 

tion. The exit temperature is modeled by considering the system as a 

heat exchanger, given by 

!? -T 
- exp(- z) 

g 

where T is the secondary air inlet temperature, T2 is the exit tem- 
g - 

perature, and T is the arithmetic average of the plate and cavity tem- 

peratures (defined similarly to that in the previous section but with 

linear interpolation of one-third contributions from the left and right 

side rails and base plate temperatures). The secondary air flow rate 
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through the tube is SAFR, and the conductance-heat transfer area product 

is KCONV. Both analysis and experiments were conducted to determine 
KCONV as a function of secondary air flow rate. 

In the analysis the heat exchanger problem was defined in termso'f 
heat transfer between the air and,the tube in the cavity region, and.be- 

tween the air and the tube/copper lip as it passes through the plate. 

The analysis was performed and the predicted total conductance'area pro- 

duct, KCONV, and the partial conductance-area product, KFL (for 'the tube/ 
lip region) were graphed on log-log paper as a function of flow rate. ' 

Experiments were then conducted to determine KCONV (and KFL, to be dis-: 
cussed in the next section). The sidewalls and topwall were removed for 
the experiments, and a 9 cm-thick Styrofoam block, fabricated to cover 
three adjacent copper plates, was installed. Holes in the block allowed 

secondary air to pass through the block. For these experiments, all -. 
test section plates and the frame side rails were heated, while cooled 

secondary air was passed through the tubes. Power supplied to the middle 

of the three covered plates was measured. In addition, for one tube sup- 
plying secondary air to the middle plate, the air temperature entering the 
test section and leaving the Styrofoam block was measured. 

The experimental KCONV values were determined from equation (2.6). 

These data were plotted on the analysis graph and found to be a nearly 

constant percentage below the theoretical values, and thus the theoretical 

KCONV curve was shifted downward to pass through the experimental points. 

The theoretical KFL curve was also shifted downward by the same percentage. 

Experimental uncertainty in KCONV was about 25 percent of indicated value. 

2.4.4 Convection Between Plate and Secondary Air 

Heat transferred by convection between the plate and second- 

ary air as it passes through the plate is modeled as 

4flow = KFL ' (To - T2) (2.7) 

where T o is the plate temperature, T2 is the secondary air exit tem- 
perature, and KFL is a conductance. 1 
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The experimental KFL values were determined from equation (2.7), 

using the experimental procedure described in the preceding section. In 

the calculation, ' qflow was the plate power minus the power at no-flow 

conditions (obtained from the zero intercept of a plate power versus 

flow rate graph). The exit temperature was used in the definition for 

convenience.. In principle, the secondary air temperature changes 

slightly while passing through the plate area, but this is insignificant 

because the temperature driving potential is either nominally zero, or 

lo-2o"c. 

The experimental KFL values, divided by the number of holes in the 

row, were plotted on the graph containing the theoretical KFL (discussed 

in the previous section), and they agreed within 10 to 15 percent. Ex- 

perimental uncertainty in KFL was about 25 percent of indicated value. 

2.4.5 Ener gy Balance Closure 

The Stanton number is determined by measuring plate power in- 

put, corrected for wattmeter calibration and insertion losses, and sub- 

tracting the heat losses. The energy loss modes were modeled and incor- 

porated into the data-reduction program shown in Appendix III. Energy 

balance closure tests were conducted to assess the validity of the models 

used to calculate the energy loss modes for the test section. In these 

tests the tunnel was operated without mainstream cooling, and the plate 

power was adjusted to bring each plate up to the mainstream temperature. 

Cold water was used to cool the frame of the test section, resulting in 

a plate-to-frame temperature potential of about 1O'C. Tests were con- 

ducted for M = 0 , M = 0.41 , and M = 0.59 . For the blowing runs, 

the secondary air temperature was within 0.6OC of the plate temperature. 

The thermal boundary conditions for these tests were designed primarily 

to check the conduction loss constants. Similar tests with 0 = 0 were 

not possible due to the configuration of the heat exchanger cooling sys- 

tem. 

The closure tests showed how much energy imbalance existed for a 

given set of conditions and evaluated the accuracy of the energy measure- 

ment system. In principle, when equation (2.2) is evaluated for these 

conditions, it should sum to zero. The results of these tests, shown in 
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Table 2.1, indicate closure to within f. 0.24 watts (typical power sup- 

plied to each plate during a Stanton number run was 12 to 20 watts). 

The energy imbalance can be converted to a Stanton number uncertainty, 

6st = A Sk 
top&o= (To-T, r) , 

(2.8) 

To evaluate this equation, typical operating values of 13*C for (To-T, r 
, ) 

and 16.8 m/s for U, were used, along with properties for air. This 
converts to a Stanton number uncertainty, &St , of -4 +4x10 . 

Table 2.1 

Energy balance closure tests 

Plate 

1 
2 

3 

4 

5 
6 

7 

8 

9 

10 
11 

12 

..-- -._ --. 
I M=C-l T - ---- :-- 

si 
(watts) 

-.24 
.09 

.Ol 

.12 

.06 

-.ll 

-.Ol 

-.lO 

-.15 
-.19 
-.20 

tist 
--- - 

-.4243-04 

.1573-04 

.2393-05 

.218E-04 

.104E-04 

-.2083-04 

-.195E-05 

-.1723-04 

-.2773-04 
-.3333-04 

-.3603-04 

M= 

Sk 
(watts) 

j.41 P I.59 

6st 

M= I 

6i 
(watts) bst 

.Ol .2553-05 -.05 -.979E-05 

-.05 -.927E-05 .lO .1883-04 

-.08 -.148E-04 .08 .1483-04 

-.05 -.9213-05 .08 .140E-04 

-.09 -.1643-04 .06 .103E-04 

-.08 -.1523-04 .ll .2063-04 

.03 .6203-05 .07 .1263-04 

0. 0. -.02 -.3283-05 

-.07 -.1273-04 .14 .2613-04 

-.12 -.2283-04 .15 .2763-04 

-.05 -.9603-05 .21 .3863-04 

-.07 -.1363-04 .22 .3893-04 

Using the procedure of Kline and McClintock (1953) for propagation 

of uncertainties through equation (2.2) and (2.3) to evaluate Stanton 
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'number, uncertainty bands on the data are predicted to be 2 2.5% for 

831 and + 5% for 8 = 0 , The uncertainty analysis is in agreement 

with the energy balance closure tests for 8 N 1 . The larger uncertainty 

band for 8 = 0 reflects uncertainty in the plate-secondary air loss 

constants. 

2.5 Rig Qualification 

Once the energy balances were established, it was possible to run 

baseline checks for the hydrodynamic and heat transfer performance. 

Earlier qualification tests of this apparatus were reported by Choe et 

al. (1976). 

2.5.1 Hydrodynamics 

The hydrodynamic qualification consisted of determining that 

the tunnel flow was two-dimensional and that the approaching boundary 

layer velocity profiles were typically turbulent. 

Two-dimensionality of the tunnel was examined by measuring the 

boundary layer momentum thickness at five locations across the span over 

the midpoint of the test section guard plate. The thicknesses were found 

to be uniform within 2 percent for the case of no injection at a uniform 

tunnel velocity of 16.8 m/s . For the low momentum thickness Reynolds 

number runs, the flow was accelerated over the preplate and recovered to 

zero pressure gradient over the test section and afterplate. For these 

conditions, the momentum thickness uniformity was within 10 percent. 

Figure 2.7 shows the topwall configurations and boundary layer trip loca- 

tions for these two types of runs. 

Velocity profile qualification consisted of examining the experimental 

profiles, checking for accepted behavior in the logarithmic and wake re- 

gions, and comparing with accepted correlations. In addition, profile 

shape factors were measured. These comparisons are shown on the profile 

graphs that accompany the Stanton number runs for M = 0 (given in the 

next chapter). They are plotted in "wall coordinates", U+ + versus y . 

The skin friction coefficient, used to form U+ + 
and Y , was found by 

fitting the velocity data to a logarithmic law-of-the-wall in the range 

of 75 to 125 for y+ (Clauser plot). Velocity profiles for the low 
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momentum thickness Reynolds number cases are not plotted in wall coordi- 
nates because the flow was still transitional, as evidenced by the high 

shape factors. 

For each Stanton number run, a velocity profile was taken over the 

guard plate midpoint to obtain the initial momentum thickness Reynolds 
number. From this information the turbulent boundary layer virtual ori- 

gin was computed, using a relation between momentum thickness and dis- 

tance, x . This relation, given in Kays (1966), is derived by inte- 

grating the momentum integral equation with a power-law velocity profile 

assumption. 

Experimental momentum thicknesses on the guard plate were found to 

increase as M increased, due to the downstream flow blockage effects 

from the secondary air injection. This resulted in a slight decrease in 
the virtual origin with increasing M . To facilitate comparison of the 

data at the same x location, the virtual origin from the M = 0 veloc- 
ity profile was used to compute x-Reynolds numbers for a given data set. 

2.5.2 Heat Transfer 

The heat transfer qualification consisted of comparing the 

unblown Stanton number data (the M = 0 run for a given data set) with 
accepted correlations for two-dimensional equilibrium flow over a smooth 

plate with constant wall temperature (see, for instance, Kays 1966). Ad- 

ditional comparisons were made between the unblown Stanton number data 

and predicted results using a boundary layer computer program. 

The comparison of data with accepted correlations is shown on the 

graphs in the next chapter and discussed there aa well. The comparisons 
are, perhaps, most meaningful for the data that are plotted in enthalpy 

thickness Reynolds number coordinates. The enthalpy thickness for those 

graphs are computed from 

erties and constant wall 

the energy integral equation for constant prop- 

temperatures, as derived by Choe et al. (1976). 

dReA, =z -= St+Fx8 dRex 
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ucv*2 %a 
where ReA2 = 7 and d(Rex) = 7 dx . The interval of integration 

for the above equation, to determine ReA2(x) , is from the midpoint of 

the upstream plate to the midpoint of the next downstream plate, to de- 

fine the enthalpy thickness Reynolds number at that downstream location. 

The unblown Stanton number data were nominally 5-7 percent above the 

baseline correlations in the blowing region for the P/D = 5 case. For 

the case of P/D = 10 , alternate holes and alternate rows in the test 

section were plugged, thus producing a much smoother surface with every 

other row completely smooth. The Stanton number deviation was nominally 

3 percent for the P/D = 10 unblown case for the plates containing holes, 
with almost no Stanton number deviation on those plates that were com- 

pletely plugged. 
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Figure 2.2 Photograph of Discrete Hole Rig 

Figure 2.3 Photograph of slant-hole injection test surface, showing 
staggered hole array 
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Chapter 3 

EXPERIMENTAL DATA 

3.1 Types of Data 

The primary emphasis of the experimental program was the acquisi- 

tion of Stanton number data for a wide range of initial conditions and 

blowing ratios, and two injectant temperatures at each blowing ratio. 

The data were acquired for full-coverage surfaces with two different hole 

spacings, and for the recovery region downstream of the full-coverage sur- 

face. Mean velocity and temperature profiles of the boundary layer up- 

stream of the blowing region were obtained to accompany the Stanton number 

runs. Table 3.1 summarizes the data. 

A secondary emphasis of the experimental program was the acquisition 

of a series of mean velocity and temperature profiles within the blowing 

region, behind a hole in the ninth blowing row. The profiles were taken 

for one set of initial conditions and for one blowing ratio and two in- 

jectant temperatures at that set of conditions. 

3.2 Description of the Stanton Number Data 

The primary investigation was a study of the effects of the blowing 

ratio on Stanton number for a hole spacing-to-hole diameter ratio of 5 . 

The tests were carried out with a mainstream velocity of about 16.8 m/s 

and an initial momentum thickness Reynolds number of about 2700 (in all 

data reported, initial conditions are those of the boundary layer over 

the midpoint of the upstream guard plate). In these tests an unheated 

thermal starting length was used to give a well-defined initial thermal 

condition (recall only the downstream half of the preplate could be heat- 

ed). 

To determine the effects on Stanton number of a thick thermal 

boundary layer at the upstream edge of the blowing region, data at a 

single value of M were taken for the hydrodynamic condition described 

above and with the preplate heated. The initial enthalpy thickness 
Reynolds number for the test with heating was about 1800. The effects of 
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Table 3.1 

Summary of slant-hole injection data 

(note, Res2 and ReA2 are upstream initial conditions 
at guard plate midpoint) 

- 

U,h/s) 

Reh.2 -~ 
ReA2 

P/D 

M=O 
L-_=.- - F 
M = 0.2 
_ . 
M= 0.4 

M= 0.6 

M = 0.75 

M= 0.95 

M= 1.30 

I 
I 
1 
1 
1 
I 
1 
1; 

30" SLANT-HOLE INJECTION 

Unheated Preplate 
Partly 
Heated Heated 

Preplate Preplate 

9.8 16.8 I 34.2 I 16.8 I 11.8 

1900 

70 L 
I 
I 
1 
1; 
1 
L 
I 
1 

2700 4700 I 2700 1 515 

100 I 160 I 1800 I 490 

1 
1 
1 
1 
1 
I 
1 
1 

10 5 10 5 10 

X X X 

X X X 

X X 

hole spacing on Stanton number were examined (for the hydrodynamic 

condition mentioned above)by reconfiguring the hole array to P/D = 10 

using plugs. For these tests an unheated starting length initial condition 
was used, and tests were conducted at two blowing ratios. 

The effects on Stanton number of changing the initial hydrodynamic 

boundary layer were examined in two ways: (1) Tests were conducted with 
a single blowing ratio, P/D = 5 , and upstream initial conditions 
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of Re62 N 1900 and 4700 and an unheated starting length. Initial 

boundary layer thickness-to-hole diameter ratios for these tests varied 

from 2.4 down to 1.9, and the tests were primarily considered to be an 

examination of the effects of changing the mainstream velocity, or hole 

diameter Reynolds number, Re D,m ' (2) Tests were conducted with two 

values of blowing ratio M , for P/D = 5 and 10 , and upstream initial 

conditions of Re62 =: ReA2 2 500 . The initial boundary layer thickness 

was about 0.5 hole diameters, and the tests were designed to examine the 

effects of a very thin upstream boundary layer. 
At each blowing ratio, data runs were taken with two injectant tem- 

peratures: _ _ 0.0 < 8 < 0.1 , corresponding to a mainstream-temperature 

fluid and 0.9 < 8 < 1.1 , - - corresponding to surface-temperature fluid. 

The,linear superposition equation (1.8) was then applied to the two data 

runs (for a given M ) to adjust the data to Stanton numbers at 8 = 0, 

1. To adjust the recovery region data, the average value of 9 for 

blowing rows 10 and 11 were used. The validity of the superposition 

principle was checked by acquiring data at M = 0.3 and 8 1 0 , 1 and 

1.26 and comparing Stanton number predicted by superposition at 8 = 1.26 

with the experimental data at 8 = 1.26 . The results are shown in Table 

3.2 . 
The data shown in the graphs are the superposition-adjusted data at 

e=o,i. A tabular form of all the unadjusted Stanton number data, 

along with their adjusted values (which are plotted) are given in Ap- 

pendix I. 

The Stanton number data have been plotted versus x-Reynolds number 

and enthalpy thickness Reynolds number. The x-Reynolds number is a con- 

venient nondimensional x coordinate that shows Stanton number as a 

function of M and 0 for the same x location on the test surface. 

Enthalpy thickness Reynolds number reflects the energy content of the 

boundary layer and is perhaps most meaningful for the 8 = 1 data plots. 

Determination of the virtual origin for Rex , and the enthalpy thickness 

for ReA? , is di-scussed in Sections 2.5.1 and 2.5.2 D 

On the Stanton number graphs, the first 12 points are for the test 

section plates. ATI arrow denotes the twelfth data point. The 

remaining points are for every other recovery region plate. As in- 

dicated in Section 2.5.2, the reference lines shown on the x-Reynolds 
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Table 3.2 

Comparison of experimental Stanton numbers with Stanton numbers 
predicted by applying superposition to experimental data at 8 N 0,l 

Plate 

2 

3 
4 

5 
6 

7 
8 

9 

10 
11 

12 

15 
18 

21 

24 
27 

30 

33 
c_ -___-_.-. 

St(0 = 1.26) 
experimental 

.- 
.00250 
.00178 

.00147 

.00136 

.00129,, 

.00118 

.00113 

.00104 

.00102 

.00095 

.00093 

.00114 

.00118 

.00118 

.00120 

.00126 

.00133 

.00132 

I 

----.____ ~ .: . . . 

St(8 = 1.26) 
theoretical 

- 
.00249 
.00180 

.00148 

.00139 

.00124 

.00118 

.00114 

.00102 

.00097 

.00093 

.00093 

.00106 

.00116 

.00116 

.OOj.18 

.00124 

.00128 

.0013:1 

Error 
% 

- 0.4 

+ 1.1 
+ 0.6 

+ 2.2 

- 3.9 

0 

+ 0.9 

- 1.9 
- 5.0 

- 2.1 

0 
- 7.0 

- 1.7 

- 1.7 

- 1.7 
- 1.6 

- 3.8 

- 0.8 

number and enthalpy thickness _Reynolds number graphs are accepted cor- 

relations for two-dimensional equilibrium flow over a smooth plate.with 

constant wall temperature and hydrodynamic and thermal boundary layers 

beginning at the same point. 

3.3 Stanton Number Data 

The experimental Stanton number data have been segregated into four 
sections for discussion. Certain data trends are common to all the data; 
these will be discussed in detail only in Section 3.3.1. More complete 
analysis of the data will be found in Chapter 4. 
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3.3.1 Thick Initial Boundary Layer.with Heated Start-&g Length 

The first data set to be discussed is for M = 0 and for 

M- 0.4 . The trends exemplify the general behavior common to all of 

the full-coverage Stanton number data sets which follow. Also, the M= 0.4 

blowing ratio for this data set will be common to all the data sets which 

follow. Initial conditions of the boundary layer for this set were 

-52 N 2700 and ReA2 N 1800 . 

M = 0. The first data obtained in each data set were with 

M= 0 to establish a baseline. Figure 3.1 shows the initial velocity 

profile over the midpoint of the guard plate for this run, and Figure 

3.2 shows the initial temperature profile. Information concerning the 

profiles is given in the profile graphs. The velocity profile is seen 

to be a typical turbulent boundary layer profile, with a boundary layer 

thickness of about two hole diameters. The Stanton number data are plot- 

ted versus Rex in Figure 3.3, and versus ReA2 in Figure 3.4 . In the 

latter figure, the data are seen to rise 8 to 10 percent above the gen- 

erally accepted St0 curve, hereafter called the equilibrium line. This 

is attributed to a roughness effect of the open holes on the boundary 

layer. In the recovery region the Stanton number drops to within two per- 

cent of the equilibrium line within a few boundary layer thicknesses. 

The roughness effect will be seen more clearly in conjunction with the 

P/D = 10 data in Section 3.3.4 . 

8 = 1 (T2 = To). In Figure 3.3 (Rex) the Stanton number 

is seen to drop 10 percent below St0 for the first blowing plate and 

30 percent below St0 for the second plate. This 10 and 30 percent drop 

is common to all P/D = 5 data and low M , and it is discussed in Ap- 

pendix IV. The Stanton number continues to monotonically decrease 

throughout the blowing region. In the recovery region Stanton number 

shows a gradual rise. The data are replotted in Figure 3.4 (ReA2) . 

There is a wide spacing between data points because the injectant 

greatly increases the enthalpy content of the boundary layer. By the 

end of the blowing section ReA2 N 10,000 , and the momentum boundary 

layer thickness was 6 to 7 cm . 
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The boundary layer is highly non-equilibrium at the end of the blow- 

ing section, and over the 60 cm recovery region test plate (about 10 

boundary layer thicknesses) the Stanton number does not recover to the 

equilibrium line. The retarded recovery is related to the excess enthalpy 

content of the thermal profile associated with a momentum boundary layer 

that does not have the turbulent transport necessary to diffuse the pro- 

file. This is discussed in more detail in Chapter 4. 

The monotonic decrease in Stanton number in the blowing region is 

also typical of transpiration cooling, The two cooling schemes canbe 

compared for any M by computing an equivalent blowing fraction, F , 

using equation (1.2). Transpiration Stanton numbers as a function of F 

can be found in Kays and Moffat (1975). For all low M data the St(8 = 

1) data for discrete hole injection are much higher than the equivalent 
transpiration Stanton numbers. Blowing at M = 0.4 with P/D = 5 con- 
verts to F = 0.012 , which would "blow off" a transpiration boundary lay- 

er, producing zero heat flux. 

8 = 0 (T2 = Too). In Figure 3.3 (Rex) the Stanton number 

rises for the first few blowing rows and then drops down slightly and 

levels out to an almost asymptotic value, independent of the number of 

rows of holes. The asymptotic behavior is exhibited by all of the slant- 

holedatafor Mz0.4 at P/D=5,andfor M=0.8 at P/D-10. 

For the recovery region, once the intense mixing from the jet-mainstream 

interaction is removed, the Stanton number rapidly drops below the St0 
data over a distance of about five boundary layer thicknesses, and then 

returns towards the St0 data. The drop is in response to a much- 

thickened boundary layer without increased turbulent mixing. The data 

are replotted in Figure 3.4 (ReA2) . The closely spaced data reflect 

the fact that the mainstream-temperature injectant does not increase the 

enthalpy content of the boundary layer (see equation 2.9). In the recovery 
region, the boundary layer rapidly adjusts to no-blowing conditions. A 
similar fast adjustment is seen in transpiration cooling data (Kays and 

Moffat 1975). By the end of the recovery region the boundary layer has 
almost returned to the equilibrium line. 
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Asymptotic behavior for the 8 = 0 thermal condition was also ob- 

served by Mayle and Camarata (1975) for compound-angle injection with 

P/D = 8 and 10 and moderate M . They write, in explanation: 

"This indicates that the flow field near the sur- 
face is streamwise periodic and dominated.by the jets. 
Thus, it appears that as the hole spacing is decreased 
or the coolant flow increased, a transition is grad- 
ually made in which the usual streamwise growth of the 
thermal boundary layer yields to a periodic growth gov- 
erned by the jets." 

This assessment seems plausible. However, as will be discussed in Chap- 

ter 4, it is believed that the phenomenon of a nearly constant Stanton 

number also implies a nearly constant turbulent transport or eddy vis- 

cosity/conductivity with respect to the streamwise direction, independent 

of boundary layer growth. Appendix V contains a discussion of a possible 

similar type of asymptotic behavior for the 8 = 1 data, along with a 

discussion of possible jet coalescence, which might contribute to it. 

3.3.2 Thick Initial Boundary Layer with Unheated Starting Length 

The second data set to be discussed is the most comprehensive 

set in that it formed the basis for the study of the effects of blowing 

ratio and hole spacing on Stanton number. This data set includes P/D of 

5 and 10 with the initial Reg2 1 2700 and an unheated starting length. 

M = 0. The initial velocity profiles for the unblown Stanton 

number runs are shown in Figure 3.5 . The St0 data are plotted versus 

ReX and ReA2 in Figures 3.6 through 3.10 . In the ReA2 plots the 

data approach the equilibrium line and pass slightly above it near the 

downstream edge of the test section. The approach from below is indicative 

of an unheated starting length, and the pass over the line, coupled with 

the drop in the recovery region , again suggests the roughness effect on 

Stanton number due to the discrete holes. The roughness effect is dimin- 

ished, though, for the wider hole spacing. 

8 = 1 (T2 = To). In Figure 3.6 (Rex) Stanton number data -- 
are plotted for P/D = 5 and with M varying from 0 to 'L 1.2 

in increments of s 0.2 . In the blowing region M = 0.18 yields the 
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lowest Stanton number over the first three plates, with M = 0.37 pro- : 

ducing the lowest value over the rest of the blowing region. Note the 

Q 10 percent and Q 30 percent drop in St for the first two blowing rows. 

Values of M greater than 0.37 cause the Stanton number to rise above 
the minimum values,with M = 1.21 causing the Stanton number to pass 

above the M = 0 curve over most of the blowing region. This increase 

in Stanton number with increase in blowing is attributed to the jets 
penetrating farther into the boundary layer to provide less protection 

and to increase the turbulent mixing. In the downstream recovery region 

the Stanton number data appear to rise immediately for M = 0.18 and to 

remain unchanged for M = 0.37 . For all larger M the Stanton number 

continues to decrease throughout the recovery region. The recovery 
region flow length is about 63 cm. Thus,fora B of5to7cmatthe 
start of this region, the recovery flow length for the data is about 9 to 
12 8 . These data are replotted in Figure 3.7 (ReA2). The 

M = 0.18 and 0.37 data lie below the two-dimensional equilibrium line 

in a manner characteristic of transpiration-cooled surfaces. Data for 
M= 0.52 lie near the equilibrium line, with all larger values of M 

lying above the equilibrium line, In the recovery region the data for 

M < 0.4 appear to be returning to the equilibrium line. - For higher blow- 

ing, the data trend is uncertain. 

The P/D = 10 data are shown plotted versus Re X in Figure 3.9 . 

The M = 0.36 data produce a minimum Stanton number in the blown region 

with the M = 0.75 data lying above the low blowing ratio data. Stanton 

number variation in the blowing region is due to alternate rows of holes 
being plugged. The data from Figure 3.9 are replotted in Figure 3.10 

(RQ2) l In the recovery region, the Stanton number for M = 0.36 and 

8 = 1 is seen to return to the equilibrium line. However, the recovery 

region data for M = 0.75 and 8 = 1 appear not to be returning to the 
line. This is attributed to a problem with the heat flux sensor response 

to a three-dimensional flow in the recovery region. For P/D = 10 and 
high M , the flow should be much more three-dimensional than its counter- 

part at P/D = 5 , primarily due to increased jet penetration because of 
the "individuality" of the jets for the wider spacing. Because the flow 
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width for "averaging" of the heat flux with afterplate is 5 cm and the 

discrete holes are spaced about 10 cm apart, any three-dimensional ef- 

fects will greatly affect the sensor. A similar anomaly was seen by 

Choe et al. (1976) for the data set obtained with natural transition over 

the blowing region, indicating the heat flux sensors were not responding 

to give a spanwise-averaged'heat transfer coefficient, when compared to 

the test section plate values. 

Visual comparison of the P/D = 10 data with the P/D = 5 data re- 

veals that the major effect of increased hole spacing is to reduce the 

effect of blowing i.e. to reduce the Stanton number departure from St 
0 l 

Stanton number is the nondimensional heat transfer coefficient, averaged 

over the area associated with one hole. This area increases by a factor 

of four for the increased hole spacing, and thus there is much less cover- 

age for each jet. There are two bases for comparison of heat transfer 

performance of the two P/D surface configurations. The first basis is 

at the same blowing ratio, M , and the second basis is at the same blow- 

ing fraction, F . At a specified F , the same mass flow of coolant 

will be injected for the two P/D surfaces to provide protection. The 
data for P/D = 5 , 10 will be compared on an F basis in Chapter 4. 

8 = 0 (T2 = Too). In Figure 3.6 (Rex) Stanton number data 

are plotted for P/D = 5 . In the blowing region the M = 0.2 and 0.4 

data have a pattern that is different from the higher blowing ratio data. 

The M = 0.20 curve follows the M = 0 curve over the first eight blow: 

ing rows and then gradually diverges. The M = 0.40 curve follows the 

M = 0 curve over the first four blowing plates before diverging. For 
all higher values of M the data depart abruptly from St0 after the 

second data point. In the downstream blowing region the curves exhibit 

an asymptotic behavior, indicating that a local equilibrium has been 

established between the surface and the fluid in the near-wall region. 

In the recovery region the data for M = 0.2 and 0.4 immediately dip 

below the M = 0 curve. For M 2 0.58 the Stanton number data decrease 

much more slowly in the recovery region, and for M 2 0.93 the data lie 

above the M = 0 curve over the entire recovery- region. The data are 

replotted versus ReA2 in Figure 3.8 . Most of the data lie above the 
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two-dimensional equilibrium line in the blowing region. For M 2 0.4 

the data-dip below the reference line in the initial recovery region, 

and then appear to return toward it. Trends in the data are uncertain 

for higher blowing ratios, but they appear to be returning toward the 

equilibrium line. 

In the initial blowing region for high blowing ratios, the Stanton 

number is seen to rise and then drop back towards its eventual asymptote. 
A similar Stanton number rise is seen in the initial blowing rows for 

the 8 = 1 data. This behavior may be due to less jet penetration, 

coupled with increased turbulent mixing in the near-wall region. Flow 

visualization photographs by Colladay and Russell (1975) support the 
less penetration idea, and the computer predictionsin Chapter 4 support 

the increased mixing idea. Physically, there should be higher upstream 

boundary layer momentum in the near-wall region to turn the jets. As 

the boundary layer flows over the rows of holes, though, a larger 

boundary layer momentum deficit is created, and the jets are able to 
penetrate farther into the boundary layer before being turned into the 

downstream direction. 
The P/D = 10 data are shown plotted versus Rex in Figure 3.9 

and versus ReA2 in Figure 3.10. The data for the high blowing ratio 

do not appear to reach an asymptote, whereas the data at the same M 

and P/D = 5 do reach an asymptote. This is partly attributed to the 
unheated starting length initial condition. The same type of tests 

were conducted at P/D of 5 and 10 with a heated starting length, 
discussed in the following section. 

3.3.3 Thick Initial Boundary Layer with Change in Mainstream 
Velocity 
The third data set to be discussed is part of the study of 

the effects on Stanton number of changes in the upstream hydrodynamic 

boundary layer. For this data set, obtained on the P/D = 5 surface, 

blowing ratios of M = 0 and M = 0.4 were used, and initial conditions 

were Reg2 = 1900 and 4700 and an unheated starting length. 

M = 0. Initial velocity profiles for the Reg2 = 1900 data 

and Red2 N 4700 data are shown in Figures 3.11 and 3.14, respectively. 
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Parageters for these boundary layers are 'compared with the Re62 N 2700 

profile parameters (discussed in Sections 3.3.1 and  3.3.2), as shown below 

ReA2(inl.) 
I 

ReS2(inl.) 

‘O 

: 70 1900 
. . . . . . - 100  

1800 > 
2700 

160  I 4700 

9.8 

16.8 

34.2 
1 

Re 
D,m 

-- -->-i . 

6500  

11200 

22400 

t99 ID 62/D 
.YZ.C -_ .A._. -L- ..-- 

2.4 .30 

2.0 .23 

1.9 .21 

In she above table, Re 
Dsm 

is a  hole-diameter Reynolds number,  Re = 
Dsm 

&,,D/v, (see Section 4.2 for a  discussion of this Reynolds number).  The  

three boundary layers have about the same thickness ratios, while the 

ma instream velocity is significantly different for the three runs. 

8  = 1  (T2 = To). The  initial Re62 N 1900 data are plotted 

in,$igure 3.12 (Rex) and  3.13 (ReA2) . The  initial ReA2 N 4700 data 

are-plotted in F igure 3.15 (Rex) and  3.16 (ReA2) . All of the data 

drop below the St0 data in the blowing region and  indicate a  slight 

rise in the recovery region. The  trend is identical to the initial 

w2 u 2700 data of Section 3.3.1 . 

8  = 0  (T2 = T,). The  initial Re62 y 1900 data are plotted 

in,Xgure 3.12 (Rex) and  3.13 (ReA2) . The  Stanton number  is seen to . . 
depart  from the St0 data after the first blowing row, and  in the re- 

covery region it dips significantly below the St data before returning. 

The  initial Re&2 u  4700 data are plotted in F igzre 3.15 (Rex) and  

3.16 1  (ReA2) . The  data are seen to follow the St0 data for about. 

five blowing rows before departing, and  in the recovery region the Stan- 

ton number  returns to the equilibrium line without dipping below it. 

'?Che response of the Stanton number  to 8  = 0  injectant and  M  = 

0.4 is entirely different for each of the four initial conditions dis- 

cussed to this point. In all cases the Stanton number  data for 8  := 0  

appear  not to reflect the presence of the ma instream-temperature inject- 

ant (at least for low M  ) until the thermal boundary layer grows beyond 

the penetration distance of the lnjectant. For the initial condition of 
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an unheated starting length and for the first few rows of holes, the 

thermal boundary layer was extremely thin when compared to the diameter 

of the jet. For this initial condition, St(8 = 0) = St0 until the 

thermal boundary layer thickens. For the heated starting length data 

of Section 3.3.1, St(e = 0) >> St0 beginning with the second blowing 

plate, reflecting the already existing thermal layer. The various data 

at M = 0.4 will be compared in Chapter 4. 

3.3.4 Thin Initial Boundary Layer with Heated Starting Length 

The last data set to be discussed is the second part of the 

study of the effects of the upstream hydrodynamics. This data set was 

obtained on the P/D = 5 and 10 surfaces, and the initial conditions 

were Re62 N ReA2 z 500 . 

M = 0. .-- Figure 3.17 shows two initial velocity profiles, 

taken for the St0 data runs, and Figure 3.18 shows corresponding tem- 

perature profiles. The profiles exhibit outer region similarity, but 

the inner region differences , plus the shape factor information for the 

velocity profiles, indicate the flow is still probably transitional on 
the guard plate (the virtual origin is about 19 cm upstream). The St0 

data in Figures 3.19 through 3.22 indicate, however, that by time the 

second plate is reached, the flow is completely turbulent and the boundary 
layer is an equilibrium layer (see Section 2.5.1 for a discussion of how 

the thin boundary layer was obtained). The initial boundary layer thick- 
ness is about one-half of one hole diameter, while the mainstream veloc- 

ity is midway between that for the Re&2 y 1900 and 2700 boundary 

layers. 

The St0 data for P/D = 5 are seen to be about 8 to 10 percent 
above the equilibrium line in the test plate region, and for P/D = 10 , 
the St0 data lie on the equilibrium line. Presumably the difference 
is due to the effect of hole roughness on the boundary layer; with 

this wide hole spacing, 71 percent of the holes were plugged, thus yield- 
ing an effectively smoother surface, Note that the alternate data 
points in the blowing region (where all the holes in the blowing row are 

plugged) deviate even less. The St0 data in the recovery region are 
seen to lie slightly below the equilibrium lines, in either Re or 

X 
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ReA2 coordinates, partly because no variable property correction has 

been applied to the data. This correction, for an experimental AT of 

about 15°C is about 2 percent (see Kays 1966). 

8 = 1 (T2. = To). The data for P/D = 5 are plotted in 

Figure 3.19 (Rex) and 3.20 (ReA2) . The data trend is the same as 

that exhibited by the -62 = 2700 data in Figure 3.3 or 3.6 . The 

M= 0.4 data provide the lowest values of Stanton number, with higher 

blowing ratios causing an increase in Stanton number over the blowing 

region. In the recovery region, the M = 0.4 data level out, while 

Stanton number for the higher blowing ratio drops, indicative of a much- 

thickened thermal boundary layer. The P/D = 10 data are plotted in 

Figure 3.21 (Rex) and 3.22 (ReA2) . The major effect of the increased 

hole spacing is, again, a much diminished departure of the Stanton number 

from St0 . 

8 = 0 (T2 = T,). The data for P/D = 5 are plotted in 

Figure 3.19 (Rex) . The data trend follows that of Figure 3.3 for a 

heated starting length condition in that it reaches an asymptote, inde- 

pendent of the number of blowing rows. In the recovery region, the Stan- 

ton number appears to be slower in returning to the equilibrium line when 

compared to the high Reynolds number data of Figure 3.3 . The data are 

replotted in Figure 3.20 (ReA2) . The slow return to equilibrium can 

be more easily seen in this graph, This apparent slow return may be due 

to the thin momentum boundary layer and its effect on the turbulent mix- 

ing. During the course of prediction of the M = 0.4 data (see Chapter 
4), the same two "model constants" satisfactorily predicted the initial 

Reti 2 
= 1900 , 2700 , and 4700 data, with either heated or unheated 

starting length, but the mixing length model constant was low for the 

initial Res = 500 data. 
2 

This result, coupled with the slow return of 

St to equilibrium downstream of the blowing region, may be an indication 

of a different turbulent structure for a boundary layer whose thickness 

is on the order of the diameter of the jets. 

The P/D = 10 data are plotted in Figure 3.21 (Rex) and 3.22 

(ReA22) . Visual comparison with the P/D = 5 data of Figures 3.19 and 

3.20 reveals again (see Section 3.3.2 for a parallel study and discussion 

46 



at high Re&2) that the major effect of increased hole spacing is to re- 
duce the overall level of the Stanton number departure from St0 . The 

data for P/D = 5 and 10 will be compared on a blowing fraction basis 

in Chapter 4. 

3.4 Qanwise Velocity and Temperature Profiles ..-- 

The boundary layer over the film-cooled surface was probed to ob- 
tain profiles for use in developing's mixing-length turbulence modei; 

and for confirmation of computed ReA2(x) from equation 2.9 . The pro- 

file data were obtained for initial and boundary conditions of the data 

set described in Section 3.3.1 (Re62 N 2700 , ReA2 N 1800 , M = 0.4 , 

and 8 = 0, 1) . The profile data are tabulated in Appendix II. 

Figure 3.23 shows 11 velocity profiles acquired downstream of an in- 

jection hole in the ninth blowing row, along with a sketch of the loca- 

tions where they were acquired. The profiles were taken with isothermal 

conditions to eliminate variable property effects. Profiles 1 and 11, 

2 and 10, 3 and 9, etc., would be identical if the flow were perfectly 

symmetrical. Note that locations 1, 6, and 11 are symmetry line loca- 

tions for the discrete hole array. Comparison of profiles 1 and 11 show 
the flow is indeed symmetrical at these locations, but at the intermed- 

iate locations, a slight lack of symmetry is found. Uncertainty in the 

experimentally-acquired profiles is 5-10 percent in the near-wall region 
because of uncertainty in the static pressure field around the jets 

(especially for profiles 5 through 7). 

Profiles 1 and 11, taken five hole diameters downstream of an in- 

jection site, show the presence of the upstream jet. It is attached to 

the wall with a peak velocity of about 0.5 U, , whereas the fluid was 

injected with a velocity of 0.4 TJ, . This increased velocity is in 
response to conservation of the jet axial and transverse momentum as 

the jet is turned into the downstream direction by the boundary layer 

flow (Campbell and Schetz 1973 give a very comprehensive and excellent 

treatment of the equations governing a jet in cross flow). Profile 6 

shows the jet lifted from the surface due to the 30 degree injection 

angle. 
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The velocity profiles from Figure 3.23 have been spanwise-averaged 

using a Simpson's rule type of quadrature, and the averaged velocity pro- 

file is plotted in Figure 3.24. Shown also in the figure is a one-sixth 

power velocity profile. Comparison of the two profiles shows the large 

momentum deficit created by the discrete hole injection process. From 

the spanwise-averaged velocity profile a shear stress profile was ob- 

tained and is plotted in Figure 3.25. From the spanwise-averaged ve- 

locity profile and shear stress profile, a mixing-length distribution 

was computed and it is plotted in Figure 3.26. The mixing-length pro- 

file will be used in Chapter 4 to deduce the general form of an augmented 

mixing-length expression. Details of the computing equations for the 

shear stress profile and mixing-length profile are given in Appendix VI. 

Temperature profiles for 8 = 1.00 (injectant temperature equal to 

wall temperature) are shown in Figure 3.27. The presence of the jet can 

be seen in profile 6. Profiles 1 and 11 show a large enthalpy excess 

over a three-hole-diameter region abovethe surface. A similar set of 

profiles were taken for 8 = 0.16 (injectant temperature about equal to 

mainstream temperature), and they are shown in Figure 3.28. Again pro- 

file 6 shows the presence of the mainstream-temperature fluid. In pro- 

files 1 and 11 the presence of the "sink-type" injectant is not detected. 

The temperature profiles for 8 = 1 and 8 = 0.16 have been spanwise- 

averaged, and they are plotted in Figures 3.29 and 3.30 respectively. 

Table 3.3 summarizes the momentum and enthalpy thickness Reynolds 

numbers for the velocity and temperature profiles of Figures 3.23, 3.27, 

and 3.28 (from tabulations in Appendix II). Also shown in the table are: 

(1) CRe/ll , the arithmetic-averaged Reynolds numbers for the 11 pro- 

files; (2) the Re values for the spanwise-averaged velocity and tem- 

perature profiles of Figures 3.24, 3.29, and 3.30; and (3) the ReA2 

values computed by integration of the data in Figure 3.3 using the en- 

ergy integral equation (2.9). The quantities referred to in (1) and (2) 

are almost identical. The comparison between (2) and (3) shows that the 
1-I 

_*I calculated ReA2 (using experimental Stanton numbers) agree with the 

spanwise-averaged ReA2 to within five percent. 
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Table 3.3 

Momentum and enthalpy thickness Reynolds numbers 
for the velocity and temperature profiles in Figures 3.23 through 3.30 

Profile Ret32 ReA2 (0 = 1.00) ReA2 (e - 0.16) 

1 
2 
3 
4 
5 
6 
7 
a 
9 

10 
11 

CRe/ll 

Spanwise- 
averaged 
profile 

6833 10,259 3898 
6759 8,861 3924 
6181 8,137 3920 
5769 8,341 3991 
6654 9,920 3910 
6814 9,642 3409 
7734 10,138 4001 
7051 9,070 4296 
6381 8,617 4181 
6720 9,158 4158 
7255 9,490 4079 

6741 9,240 3979 

6792 9,200 3978 

Data 
reduction 

program ---- 8,734 4052 
(midpoint 
plate 11) 
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Chapter 4 

ANALYSIS OF THE DATA 

4.1 Effects of Full-Coverage Film Cooling on Stanton Number 

The heat transfer data have been presented in some detail in the 

previous chapter. The purpose of this section of Chapter 4 is to sum- 

marize the effects of injectant temperature and blowing ratio, upstream 

initial conditions, and hole spacing on Stanton number. 

4.1.1 Injectant Temperature and Blowing Ratio 

One of the important factors in heat transfer with full- 

coverage film cooling is the injectant temperature level, T2 , compared 

with the surface and mainstream temperatures. Because of the linearity 

of the governing energy equation for small temperature differences, the 

heat transfer is a linear function of T2 ' Thus, the acquisition of 

Stanton number data for two injectant temperatures (all other parameters 

fixed) provided sufficient information to define the Stanton number as 

a continuous function of T2 . For the steady state heat transfer tests 

described herein, the injectant temperatures were T2 = To (8 = 0) and 

T2 = T, (0 = 1) . For gas turbine applications T2 < To < T, , resulting 

in a 8 parameter slightly larger than unity (Colladay 1972). Therefore 

the 8 = 1 data trends described in Chapter 3 should be indicative of 

the Stanton number behavior on a full-coverage turbine blade. 

While Stanton number is a simple function of 8 , it is a very com- 

plex function of blowing ratio. Figure 4.1 shows Stanton numbers from 

plate 11, Figure 3.6, plotted versus blowing ratio. The data exhibit a 

nonlinear dependence of St on M for P/D = 5 . Also shown in Figure 

4.1 are predicted Stanton numbers for a typical 8 operating condition 

to demonstrate the superposition principle. The predicted Stanton num- 

ber decreases to a minimum at M = 0.4 and then rises as M increases. 

This minimum in St for a typical 8 operating condition is clearly 

seen in the 8 = 1 data. This minimum appears to be independent of up- 
stream initial conditions, For example the data in Section 3.3.4 (thin 
initial boundary layer) shows M = 0.4 produces a lower St(f3 = 1) than 
does the M = 0.8 data, for both P/D = 5 and 10 . 
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The drop in Stanton number for low M and 8 = 1 is similar to 

that found in transpiration cooling, but not as pronounced. With both 

cooling schemes the heat transfer is reduced due to addition of wall 

temperature fluid which significantly alters the temperature profile in 

the near-wall region. However, the cooling effect is diminished with 

full-coverage cooling because of increased turbulent transport. The 
spanwise velocity profiles indicate the full-coverage jets affect the 

transport over a range from the wall to at least two hole diameters 

above the wall, whereas with transpiration only the sublayer is affected. 

Thus, for an equivalent wall mass flux of coolant (equal F), the Stanton 

number with film cooling will be higher. 

The change in Stanton number with M for M > 0.4 suggests the.. ' 

film cooling jets are delivering the coolant further out into the bound- 

ary layer. This increased penetration distance has a two-pronged effect. 

By depositing the coolant farther away from the surface, the coolant must 
be convected or diffused back into the near-wall region in order to re- 

duce the wall heat transfer. During this process the coolant entrains 

boundary layer fluid, and in particular, near-mainstream temperature 

fluid, and equilibration with the entrained fluid severely reduces the 

effectiveness of the coolant. The second major effect of increased pene- 

tration is increased turbulence production. The resulting increased 
turbulent transport in the outer layer may enhance the coolant diffusion 

back to the surface, but it also enhances the jet entrainment process 

which "dilutes" the coolant. 
In the recovery region the Stanton number response for 8 = 1 has 

three distinct patterns. For low blowing ratio (M < 0.4) the boundary 
layer immediately begins to recover in a manner similar to the region 

downstream of a transpiration section. For M= 0.4 the recovery region 
heat transfer becomes a constant, at'least for the recovery region of 
these experiments (about 60 hole diameters). For M > 0.4 the Stanton 
number continues to decrease throughout the recovery region. 

The recovery region response suggests that it may be possible to 

use an interrupted hole array pattern for turbine blade cooling, If the 

thermal boundary layer can be "pumped up" with coolant from several rows 
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of holes, then downstream of those rows the Stanton number will be de- 

layed in rising. (This conclusion is based on P/D = 5 data only, and 

for a very low mainstream turbulence level). 

Presumably what happens in the recovery region is that the thermal 

boundary layer is spatially "frozen" because there no longer exists a 

mechanism for fast diffusion of' the "pumped up" temperature profile 

(see Figure 3.24 for a typical 8 = 1 temperature profile). The pro- 

file restoration must come from turbulent mixing, but its predominant 

source will be wall-generated turbulence. In effect, a new momentum 

boundary layer begins in the recovery region, and until it engulfs the 

major part of the existing thermal boundary layer, the Stanton number 

will be depressed. 

4.1.2 Upstream Initial Conditions 

The initial conditions of the turbulent boundary layer were 

systematically varied to obtain data for developing integral correla- 

tions and for testing differential prediction models. Figure 4.2 shows 

all the data for M = 0.4 and P/D = 5 , replotted as St(U)/Sto ver- 

sus the downstream distance, x , where St0 is Stanton number for 

M= 0 and the same upstream initial conditions as St(e) . 

In Figure 4.2 the Stanton number ratios for 8 = 1 drop below 

unity in a fairly tight band for both the blowing and recovery region 

(note there is no apparent explanation of why the Re62 u 2700 unheated 

starting length data should be low, when corresponding data at Re62 u 

1900 and 4700 are within the band). This tight grouping for 
8 = 1 suggests there is, at most, a slight effect of U, on Stanton 

number. For example, the Reg2 N 1900 and 520 data, both with about 

the same U, but much different initial boundary layer thicknesses, 

have slightly higher Stanton number ratios than data with higher main- 

stream velocities. This velocity dependence is introduced into the 

data correlation in Section 4.2 in terms of a hole-diameter Reynolds 

number, Re 
DP 

= DU& . 

Also shown in Figure 4.2 are Stanton number ratios for 8 = 0 . 

The low and high Reg2 data with heated starting length rise in the 

initial blowing region whereas the high Re&2 data without a heated 
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starting length do not. This is a thermal boundary layer effect., In- 
jetting 8 = 0 fluid does not directly contribute to the growth of 

HeA ,: so.until the thermal boundary layer grows beyond the penetration 
heighti of the jets, the Stanton number is only marginally different from 
St0 . : 

4;1.3 Hole Spacing 
Stanton numbers were obtained for P/D = 5 and 10 and visual 

: comparison of these data in Chapter 3 revealed a much diminished effect ; 
for the same M with the wider hole spacing. The comparison is more 
meaningful when the data are compared at equal F , which implies equal 
mass flux of coolant injected over a given surface area. This comparison 
will be made in the next section. 

4.2 Correlation of the Stanton Number Data 

One method of evaluating film-cooling performance is to evaluate 
sur.face heat flux with and without film cooling, ;Iye) /$I 0 

, at the same 
location on the surface. Because both heat fluxes are defined using the 
name convective rate equation, the film-cooling performance can be sim- 
plified to evaluation of h(8)/ho or St(8)/Sto . The St(e) informa- 
tion can be obtained by applying superposition to correlations of the 
fundamental Stanton number data sets at 8 = 0 and 8 = 1 . 

The data for 8 = 1 were correlated based on a Couette flow analy- 
sis developed by Choe et al. (1976), 

st(e - 1) 
Rn(l + Bh) 

- 

=0 
l 4 

Rex 

Bh 
(4.1) 

where Bh is the blowing parameter, defined as Bh - F/St(8 = l), and 
4 is a function that is unity for transpiration cooling, and greater 
than unity for full-coverage film cooling. Thus, 9 is a measure of 
departke from the ideal case of transpiration cooling. 

Figure 4.3 shows all data for 8 - 1 plotted as $ versus F . 
I+' . The solid line for P/D - 5 and the dashed line for *- . P/D = 10 

- are best-fit lines for the data. Both lines change slope at an F cor- 
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responding to M,= 0.4 . As discussed in Chapter 3, this blowing ratio 
appears to be the highest value for which the cooling jets. remain at: .: 
tache,d,to.the.surface (at least for the P/D = 5 data). : 

.,The mainstream velocity effect mentioned in Section 4.1.2 is re- . 
flected in.the F l Re 0.2 D,co product. The 0.2 power ind1cates.a small ef- 

fect..on Stantonynumber ratio for changes in U, . It is~presumed that- .: 
Re D;a is the correct correlating parameter; no tests were conducted 

~l,l.~ith.:changes in hole diameter to verify it. However, the trend in.the 
functional dependence for Re DP is in the right direction, i.e., as 
D;,becomes smaller, 4 b ecomes smaller for the same F , and in the 
limit as it approaches zero, $ approaches unity, which is transpiration 

....< ; cooling.. 
The effect of changing the pitch-to-diameter ratio is also seen in 

Figure 4.3. For a given blowing fraction, the 9 value increases, in- 
dicating even less effective surface protection, i.e., higher heat trans- 
fer coefficients. This is not surprising, since, to have equal F 

..~. . ..- _,_ _. 
(mass flux of coolant), as P/D increases, M must also increase, re- 
&king in .greater jet penetration and increased turbulent mixing. 

c"‘Correlations of the 8 = 1.0 data for P/D = 5 and M 2 0.4 'are 
as follows: 

.,:, .,., . 
St LA',+' _ - K - + 23.2 F . Reoo2 

DP 
Rex 

1 Rn(l + Bh) 

Bh 
.(4.2) 

:. 

or, in ReA2 coordinates (following Whitten, Kays, and Moffat 1967) 

st .ii 
s,to ‘ 

, ReA2 

. Re;;~]1e25e ["",t Bh)r*25. (1 + Bh)0.25 

(4.3) 

',. The values for St0 in equation (4.2) or (4.3) are the-typical 
smooth flat plate values, as recommended by Kay6 (1966), for example. 
The'data summary sheets in Appendix I give values for $ and khe equa- 
tion used to -generate St0 values. 

_. 
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For e=o, the Stanton number data could be correlated as a.func- 
tion of Re D@J for those data which reached an asymptotic state, @de- 
'pendent of the number of rows of.holes upstream. Correlation of. the data 
was particularly troublesome because of insufficient asymptote data. ‘. 

Stanton numbers for M < 0.4 at P/D * 5 failed to, reach an'asymptote ' 
jbecause of the unheated starting,length initial condition.' Stanton num- 

)ers for P/D = 10 .did not reach an asymptote because of insufficient 

test. surface .length; i.e., only six.rows of holes were available when the 
test section was..reconfigured. 

For M 2.0.4 %and initial Re62 =: 500 (ReD = 7900), the c&relii-ting 
iequation for 

Boo 
P/D = 5 data is .. 

st(e = 0) 
= oj.)132 io.35 : L “"j(4,4) 

.,' .,, ..r! 

For Re62 = 2700 (ReD = 11,200) and P/D = 5 the correlating eq'uation is sm 

st(e = 0) = 0.0112 F"*35- (4,5)1; 

4.3 Development of a Prediction Model 
‘, 

The overall goal of the full-coverage film~cooling research at St-- 

ford is to develop a prediction method to aid in design of full-coverage 
turbine blades. Three types of methods were considered:' .(l) integkal 
analysis, (2) two-dimensional differential analysis, and (3) three-dimen- 

sional~differential analysis. A differential type of analysis was chosen 
primarily because of its provision for a greater flexibility in turbulence 
modeling. 

In choosing between using a two-dimensional differential analysis 

(coupled with simple empirical models for the film-cooling process) and. 

a three-dimensional analysis (perhaps the'only "true" analysis), the ftil- 
lowing were considered: the computation scheme had to have a relatively 
short execution time to make it attractive as a "design tool", and the 

scheme had to have a relatively small computer core requirement; ,Bkied 
on these criteria, a two-dimensional scheme was pursued. : : ., 

The differential method that was developed- consisted of the two- jl 

dimensional boundary layer program, STAN5, with added routines:--to~model:-' 

the injection process and turbulence augmentation. Flow over the full- 
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coverage surface was considered to be describable by boundary.layer equa- 
tions (see Herring 1975 .or Choe et al. 1976 for a discussion af.the 
applicability of these equations). The program solves'these equations, 
marching in the streamwise direction. Fluid is injected into.the bound- 
ary layer by stopping the program when a row of holes is encountered and -. 
dividing the injected fluid among the stre% tubes,between.the wall and 
some "jet penetration point". The jet-boundary layer interaction is 
modeled by augmenting the Prandtl mixing-length. Two "constants" are re- : 
quired, in addition to the accepted constants for predicting boundary 
layer flow over a flat, slightly rough plate.. 

The boundary layer equations being solved are those described in the . . I '. ^ 
STAN5 documentation report (Crawford and Kays 1975) .for flow over a flat ,' .,'_ .., ._. .' 
surface 

- : 

$pJ) + $(PV) ,.x. 0 ‘.. -. : 

p&E f pvz =- 
ax aY 

‘g dP + 
c dx 

aI* aI* a 
N+jy+cq--- = 

ay 

(4.7) 

I (4.8) 

* 
where I = I + U2/2gcJ . The effective viscosity and effective Prandtl 
number are defined in terms of an eddy viscosity and turbulent Prandtl 
number, 

Pr eff 

v eff = (u + u,) = wJ+En) 

= I-leff 

'(qqq 
= 

&M 1+7 

t 1 &+;r!.- 
Prt 

(4.9) 

(4.10) 

where + is the turbulent viscosity, k, is the turbulent conductivity, 
and c is the specific heat. 1. 



‘. 

The .eddy diffusivity for momentum is mode led by the Prandtl m ixing- 

length 

EM = e2@ (4.11) 

The 'mixing-length distribution will be  described in Section 4.3.2. 
e. The  turbulent Prandtl number,  Prt , is presumed to follow the flat 

plate: variation~described.in Crawford and  Kays (1975). The  Pry distri- 
b,u.tiop,is for-air; it'is 1.72 at the wall and  drops to 0.86 in the outer 
region., .- ', 
% . Boundary.condit ions for the "two-dimensional" flow equations are 

U(x,O) = 0  (4.lia) 
_  

I .I 

V(x,O) = 0  (4.12b) 

Lim U(x,y> = U, (constant) (4.12~) 

and 

1*(x,0), = II (constant) '(4.12d) 

Lim I*(x,y) = 1: ( constant) (4.12e) 

4.3.1 Injection Mode l 

In constructing a  mode l for the film-cooling injection pro- 

cess, consideration was made  of the physical process occurring when the 

jet& enter the boundary layer. For low M  the jets do  not penetrate; 
they are immediately "knocked over" by drag forces on  the emerging jets 

(primarily .pressure forces from the retarded boundary layer flow upstream 
of the jets). For higher M  the jets emerge from the surface and  are 

turned into the downstream direction by pressure and  shear forces which 

overcome the jets' resistance to direction change. As each emerging jet 

moves through the boundary layer, the shear layer at the injectant- 

botindary'lLy& intekface promotes entrainment of 'boundary layer fluid 
.I"_ '.,' " 

. :: 85 
,;-. ,I .: 

;. . 



into the jet. This spreads the jet and slows it; eventually the inject- 

.ant becomes diffused into the existing boundary layer fluid. 

The injection process and the. entrainment-diffusion, process are .! : '. 
modeled together. As a'jet passes. through the stream tubes that comprise 

the boundary layer, drag forces arising due to the jet/cross'strea.m'inter- 
Q:- ..r.. .. 

action are presumed'& "tear off" some of the injectant. The injectant :. ., 
that'!is .shed."into a given streamtube is then accelerated by the drag 
fort;;; ! .; :.., " 

This. process is'depic‘ted'below.. .Shedding continues into suc- 

cessive stream tubes until the amount shed equals the mass flow of the 

injectant. '.The'distance where shedding is complete is called the pene- . ., : 
tration'distance. " 

#, :. 

: 
++w -- ---- -- 

z old 

&old 

Equations that describe the model are obtained,from one-dimensional 

L&s’, .momentum, and thermai energy balances on the element of injectant 

bounded between two stre+ surfaces. I For flow between these surfaces, 

i . = .+ Gl new mold (4.13) 

where -. 'old is the flow. rate upstream and 6i is the 'injectant that is 

shed (on a rate basis), ' From a momentum balance consideration, 
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., ;:, : (Gold + SA)iT - toldiToid + &u2c0sa new (4.14) 
?, :.. . ' .,.: : 

'. . : ',3 . 
where U oid is the mass-averaged velocity of the upstr+m fluid,,and .U2, 

:I., ,.' ,, ,. 
is“the veiocity of the injectant. .,... > 
vary wkth y ." 

The U2 velocity is assumed not to:..: 
This is the simplest way to preserve overall momentum .. ..,. .- -, .".. 

with&the boundary' liyer (i.e.., 
:. 
The.drag forces that 

cs;nV2 = .'jetU2 y I, where U2 = MpopIT,lP2 ; 
"tear-off" the'kjectant are assumed tyaccel- 

.I 
: 

erate 6r;l from its initial velocity up to the new stream-tube veiokfy8, 

gCF 
= &(Enew - U2cosa) (4.19 

The drag forces can be defined,in terms of a drag coefficient for con- ,.. . 
venience, 

gCF 
2 = C %A (ii D 2 j old sina) (4.16) 

where A. J is the cross-sectional.area of the jet, -(D l &y) /sina for a. 
stream tube that is 6, in width (proportional to- 6JI). '-' :;. : -;': 

By introducing the definition iold -,piTo,,(6Y l P), where P is' 
the distance between adjacent jets, and cokbining with the above equations, .,, 
the ratio of the mass shed from the coolant jet to the existing mass be- 
tween the stream tubes (on a rate basis) can be written as 

(4*!?!. 
.: 

A mass-averaged velocity ratio can be formed by rearranging equation 
(4.14): 

v .,. new . . ..I Y= 

Udld 

From energy balance considerations, 

87 



Zew(iold + Gil) = iold<,, + &qet (4.19) 

4 
where I old is the mass-averaged stagnation enthalpy of the upstream 
fluid and I;,, is that of the injectant '(assumed not to vary with y 
to satisfy overall energy conservation). A mass-averaged enthalpy ratio 

can be formed by rearranging equation (4.19): 

(4.20) 

In the prediction program, the injection model, based on the analysis 
given above, is contained in a subroutine, and it is invoked when a row of 
holes is encountered. The empirical input is the mass shed ratio, defined 

as 
&il 7 = DELMR 

mold 
(4.21) 

The DEIHR expression is used in lieu of equation (4.17) for simplicity. 
With this input "constant", the routine processes each flow tube from 
the wall outward. The velocities are adjusted according to equation 
(4.18) to conserve momentum. The stagnation enthalpies are adjusted ac- 
cording to equation (4.20). The injection process is terminated when 

'jet 
7TD2 

= PgJ2 4p2 = c 
i 

DELMR l 61cI, (4.22) 

Note the introduction of P to put the flow rate on a per-unit depth 
basis (consistent with the dimensions of 9 ). The y location where 
flow distribution is completed is PD , the penetration distance. This 
calculated distance is a significant variable in the augmented turbulent 

mixing model, for it is at this point that the increased mixing has its 
maximum. 
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4.3.2 Turbulence-Augmentation Model 
The eddy diffusivity for momentum is modeled by the Prandtl 

mixing-length. To account for the jet/cross-stream interaction the mix- 
ing-length is augmented, using a,variation of a model first described by 
Choe et al. (1976). ' 

(4.23) 

where the "2-d" subscript refers to the two-dimensional mixing-length, 
and the "a" subscript denotes a departure due to discrete-hole injection. 
The functional form for the (R/6) expression was determined from the 
computed mixing-length distribution given in Section 3.4 . The functional 
form is depicted below. 

.25 

.20 

.I 5 

d/8 

.I0 

.05 

I I I 1 

- I 
I 

\ 

I 

I (a /s)max, a 

idi PD 

.4 .6 
Y/8 

.0 1.0 
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The ,cu.rve represents a departure from  the two-dimensional m ixing- 

length.value, . with a maximum,departure, ,.(R/6>max a, .located.:at- :?D , : 9 
the.penetration.distance from  the wall; as determ ined by*the injections : :. . 
model.. . . ;; .t. 

: .. 
The .two-dimensional m ixing-length &. .' .' . : 

. '. i, *. 
KYD Ky < 16 

“2-d = 

I .- 

(4.24) 

A6 KY > ?~6 

where D is the Van Driest damping function, 
: 

D = l- exp <-y'/A+> (4.25) 

;'In the predictions K = 0.41 , x = 0.085 , and A+ = 22 in the blowing 

region for P/D - 5 (to account for surface roughness) and A+ = 25 in 

L Ithe smooth, flat-plate recovery region. I 

. The augmented m ixing-length is given by 

K = 
2.71828 

0 
@D/6) 2 

l iu6)max a 
9 

(4.26) 

(4.27) 

In the above equations, PD is the,penetration distance of the inje'ctant, 

deter&& from  the injection model. The boundary layer thickness (actu- 

ally the ninty-nine percent point) is 6 . The maximum m ixing-length 

augmentation, occurring at y - PD , is (R/6)max a . This is the second 

input "constant" for the prediction scheme. Not: that equation (4.26) 
contains the Van Driest damping function merely for programming conven- 

ience; the damping function approaches unity well before there is an ap- 

preciable contribution from  the other terms  in equation (4.26). 

. 
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. tie of, the most perplexing problems associated,wfth.the pred$ct.iofi 

scheme was in the initial blowing region.and initial-recovery region..: i 
In the initial blowing region A+ changes from  a smooth plate valne-.to 

A+ for the rough, discrete-hole plate, and. K. :goes from  zero to its 
maximum value, proportional to (ala> max,a l 

The reverse transition oc- 

curs in the initial recovery region. 
The A+ transition was handled by invoking a'.first order lag equa- 

tion sim ilar to that described by Crawford and Kays (1975), 

dAlff Alff 
-A+.. .,, ; ,; 

- = - 
dx+ C 

:,,.;; 
(4.28) 

+ where A 
+ 

eff is the effective Van Driest damping constant, A is the 

asymptotic value (22 for the rough, P/D = 5. surface.; 25 -forthe:smooth 

recovery region), and C = 6000 . Thus A+ starts out at 25;drops-; 

toward 22 when the first row of holes is encountered, and thenreturns ;to 

25 in the downstream recovery region; With .this lag equation; the St0 

data were adequately predicted with no initial region problems. 
The K. transition was also handled by solving an equation like 

(4.28) for (7,/6)max a eff . For the initial blowing region, the asymp- 
9 , 

tote of the equation is (ala> max,a ' and in the initial recovery regi.on, ., I. 
the asymptote is zero. To simulate the beginning of the transition, the 

initial (JL/d)max a was given a step change. This method is described 

by Choe et al. (1676) for abrupt changes in transpiration, and it is 

depicted as'shown below. '. d '- : ./ $' ,:. ., , .# 
, >' .'.,. ;p..: '. .-*_ 

I/Q\ . . .’ .- ‘, 
;.:. 
. ;. :: 
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The step-change‘constanfs CL1 and' CL2 were 0.3'for p&icti&s of 

low ti data. The CL1 value was changed to ii0 in &ttempts'.to model- 
the high M. data. Based upon the predictions;. it can be concluded :that 
the initial region modeling was, at best, marginal. Fortunately, though, 

values for the step-change constants do not affect the Stanton number 

predictions in the region far downstream of the step loctition. ' 

4.4 Numerical Prediction of the Data 

Predictions of most of the P/D = 5 data have been made to assess 

the model outlined in the previous section. The constants DELMR and 

(f,/Q max,a 
that successfully predicted the data are shown in Figure 4.4, 

plotted versus the blowing ratio. In the figure, DELMR decreases as M 

increases, resulting in increased penetration distance, and WQ max,a 
is seen to increase as M increases, indicating more intense turbulent 

mixing. The most interesting data point for these "computer-experiment" 

constants is at M = 0.4 . Recall there were five data runs at this 

blowing ratio (summarized in Figure 4.4). Four of the five runs were 

satisfactorily predicted with the same constants. The fifth run, with a 

very thin initial boundary layer, required a slightly higher value of 

(a/s) max,a ' indicating a slightly higher turbulence level for this 

initial condition. 

The first data set to be predicted is that discussed in Section 3.3.1 

(thick initial boundary layer with heated starting length). Figure 4.5 

shows Stanton number predictions for M=O and 8=0,lat M-0.4. 

The 8 = 0 prediction spikes upward when mainstream - temperature fluid 

is injected into the boundary layer. Similarly, the prediction spikes 

downward when wall-temperature fluid is injected. Predicted velocity and 

temperature profiles are shown in Figures 4.6 through 4.8. They are 

compared to the spanwise-average profiles discussed in Section 3.4 . 

To test the film-cooling model, the predictions described in the 

preceding paragraph were carried out for 24 rows of holes. Shown in 

Figure 4.9 are the finite-difference data points for prediction of 12 and 

24 rows of holes. Past the first 12 rows only the average Stanton numbers 
per row are plotted. For 0=0, the predictions continue to exhibit 

an asymptotic behavior; for 8 = 1 the predictions continue to decrease, 
but at a slower rate, as if it were also approaching an asymptote. 
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: The second data set to be predicted is the P/D = 5  data discussed 
in Section 3.3.2 (thick initial boundary layer tith unheated starting 
length);:' Figures 4.10 through 4.13 shows the predictions. The two weak 
featuredl'of the predictions are the initial blowing region for 8  = 0  
cind the recovery region for 0  = 1  . 

The thPrd data set to be predicted is the data discussed in Section 
3.3.3 (thick initial boundary layer with change in mainstream velocity), 
Figures 4;14 and 4.15.show"the predictions. The last data to be predicted 
is the .M.i:O.4 blowing ratio data at P/D = 5  , d iscussed in Section 
3.3.4 (thin ,initial boundary layer with heated starting length). Figure _- 
4.16 shows the prediction. 

- 
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.Figure 4.1 Prediction of St for 8 = 1.3 by applying superposition 
to fundamental data sets, Figures 3.6 (plate 11) 
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Chapter 5 

SUMMARY AND RJXOMMENDATIONS ' 

An experimental and analytical investigation of heat transfer to 
the boundary layer over a full-coverage, film-cooled surface has been 
carried out. Injection .was from an array of staggered holes with hole 
spacing-to-hole' diameter.ratios of 5 'and 10. The holes were angied 30 
degrees to the.surface:in.the downstream direction. In summary, 

1. Experimental Stanton number data have been acquired, using two 
temperatures at each blowing ratio to build two fundamental data 
sets. The data'are defined'using a wall temperature-to-main- 
stream temperature driving-potential to permit direct comparison 
of wall heat fluxes, with and without film cooling, to describe 
film-cooling performance. Superposition can be applied to the 
two fundamental data sets to obtain Stanton number as a contin- 
uous function of injectant temperature. 

i .,., 
i. When the'injectant ,temperature..equals plate temperature, the 

lowest Stantonnumber.is.p&&ced for a blowing ratio (injectant ..;m 
velocity-to-ma&stream velocity) of about 0.4 . Higher ratios 
resulted in higher Stanton numbers. The data trend indicated 
that for ratios above 1.5 the Stanton number could be.larger 
than that without film cooling. 

3. The major effects on Stanton number of changing either the up- 
stream momentum thickness or the ratio of thermal-to-momentum 
thickness are confined to the initial blowing rows. The data 
showed a slight dependence upon changes in mainstream velocity. 

4. Comparison of the data for the two hole spacings indicates that 
a wider hole spacing (10'hole diameters) produces.,less.effect on 
Stanton number, for the same value of blowing ratio. 

5. The data for injectant temperature equal to plate temperature 
were'successfully correlated using the same Couette flow varia- 
bles,used to correlate transpiration cooling data. 

'. :., 
.‘. . . . . 
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6. The recover-5 region, 60 hole diameters'.downstream of the last 
blowing row, had two distinct data trends for the case of in- 
jectant temperature equal to plate temperature. For low veloc- 
ity ratios the Stanton number immediately began,to recover to- 
ward the corresponding unblown value, while for high velocity 
'ratios the Stanton number either remained constant or dropped 
throughout the recovery region. This latter behavior suggests 
investigating an interrupted hole pattern with, :say, five to ten 
rows of holes followed by a recovery region, before the next ar- 
ray begins. 

7. A differential prediction model was developed to predict the 
experimental data. The method utilizes a two-dimensional bound- 
ary layer program with routines to model the injection process 
and turbulence augmentation. The program marches in the stream- 
wise direction and, when a row of holes is encountered, stops 
and injects fluid into the boundary layer.. The.turbulence level 
is modeled by algebraically augmenting the mixing-length, with 
the augmentation keyed to a penetration distance for the inject- 
ant. 

The work described in this report represents the second of three 
phases of experimental heat transfer investigations into full-coverage, 
film-cooled boundary layers at Stanford: first was normal-hole injec- 
tion; the second was the slant-hole injection, and the third will be 
with compound-angled hole injection. Presently an experimental 
investigation of the slant-hole flow field is being carried out, and 
the compound-angled hole test section is being constructed. It is 

recommended that: 

1. A higher-level turbulence closure model should be investigated 
for use in the turbulence augmentation model of the prediction 
program described herein. The logical choice would be a turbu- 
lence kinetic energy model. This is being pursued. 

2. The effects of high mainstream turbulence level on heat transfer 
should be investigated. The importance of this effect may be 
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confined to the recovery region, and to-the results described 
in point 6 of the summary above. The high turbulence level may 
promote a :much faster recovery to unblown Stanton.number condi- 
tions.. 

3. .A preliminary investigation should be carried out regarding 
' '-availability of'three-dimensional boundary layer programs for 

'modification to predict the full-coverage data. This recom- 
, I mendation is made in light of the much-improved'computer exe- 

cution time and core availability of the new generation of com- 
puters at Stanford. Such machines will be available to industry 
in the coming decade; thus it seems 'a justifiable course to 
pursue. 

: 
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Appendix I 

STANTON NUMBER DATA 

Contained in this appendix is a numerical tabulation of the Stanton 
number data. Initial velocity and temperature profiles precede the data, 
and the sequence of data follows the discussions in Sections 3.3.1 
through 3.3.4. For the Stanton number data at each blowing ratio the 
experimental data at 8 = 1 and 0 = 0 are given first, followed by a 
sheet with the superposition-adjusted data to values at e-0,1. 

Nomenclature 

CF/2 

CP 

DEL 

DEL1 

DEL2 

DEL99 

DELT99 

DREEN 

DST 

DTM 

ETA 

F 

F-COL 

F-HOT 

H 

LOGB 

Cf/2 # friction coefficient 

c . specific heat 

velocity or thermal boundary layer thickness (see DEL99 or 

DELT99) 

% ' displacement thickness 

62 ' momentum thickness 

velocity boundary layer thickness 

thermal boundary layer thickness 

uncertainty in ReA2 

uncertainty in St 

uncertainty in 8 

11 - st(e = l))/st(e = 0) 

blowing fraction 

F at B=O 

F at 0=1 

velocity shape 

q~ function in 

factor 

e= 1 data correlation 
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M 

PORT 

PR 

RE DEL2 
REENTH 
REH 

REX 

RHO 

ST 

STCR 

STHR 

T 

T2 

TADB 

TBAR 

THETA 

TINF 

TO 
TPLATE 

U 

u+ 

UINF 

VISC 

XLOC 

blowing parameter 

topwall location where profile is obtained 

P= , Prandtl number 

-A2 B enthalpy thickness Reynolds number 

Re62 s momentum thickness Reynolds number 

Rex , x-Reynolds number 

density 

Stanton number 

st(e = 0) /St0 . Note, St0 is defined at bottom of each 
summary data sheet. 

st(e = 1)/st 
0 

recovery temperature of temperature probe 

T2 , secondary air temperature 

Ten , r , temperature to define Stanton number 

(To-T)/(T,-T,) (or one minus that quantity in the second tab- 
ulated data column) 

0 , temperature parameter 

mainstream static temperature 

TO 
, plate temperature 

velocity 

u+, non-dimensional velocity 

uca ' mainstream velocity 

v , kinematic viscosity 

x , distance from nozzle exit to probe tip 
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XV0 X vo ' distance from nozzle exit to virtual origin, turbulent 
boundary layer 

Y y , distance normal to surface 

.Yk. Y+ , non-dimensional y distance 

Note: Some of the entries in the Stanton number data summary sheets are 
boxed in. These data points deviate substantially from the data 
trend of their surrounding points. Therefore, they were not plot- 
ted as tabulated, but adjusted and then plotted. 
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RUN 092874 VELOCIlV AhC TEW’ER4TURE PROFILtS 

REX = 0.11787E 07 REM = 2bb3. REH = 1844. .I 

xv0 = 20.90 CM. DEL2 = 0.241 CM. DEH2 =’ :. 0.167 CM. 
UINF = 16.83 M/S DEL99= 2.04> CM. DELT99 = 1.894 cn. : 
VISC = O.l5247E-04 K2/S DELL = 0.350 CM. JINF = 16.84 M/S 
PORT = 19 H 1 .*!Ju VISC ‘: = O.l5263E-04,M2/S 
XLOC = 127.76 CC. CF/2 1 O.lbf94E-Or TINF = . 21.96 DEC C 

TPLATE = 36.46 DEG C 

Y(CY.J Y/DFL IJlb’c/Sl IJ/L‘INF Yt u+ Y(Ch4.i TtDEG C) TBAR TRAR 

0.025 0.012 7.31 c.434 11.2 lo.bi) o.olOiI 33.33 0.2,la 0.782 
0.028 0.014 7.56 a.449 12.6 10.~6 0.1Jl93 32.24 0.293 0.707 
0.030 0.015 7.79 0.463 13.8 11.24 3.0216 31.51 0.344 0.656 
0.036 0.017 a.21 C.488 1b.i lL.YL 0.0241 31.09 0.373 0.627 
0.043 0.021 8.62 c.512 19.5 12.5~ 3.0292 30.21 0.434 0.566 

0.053 0.026 9.15 c.544 24.1 13.L6 0.0568 29.45 0.487 
0.066 0.032 9.51 0.565 2Y.Y 13.79 0.9470 20.63 0.544 
0.081 0.040 9.75 0.579 db.8 14.14 O.d>Y7 28.02 0.567 
0.099 0.048 LO.06 c.598 44.8 14.54 U.J77!l 27.45 0.627 
0.119 0.058 10.31 0.612 5’ .o Lr.94 0.3378 27.08 0.653 

0.513 
0.456 
0.413 
0.373 
0.347 

0.142 c.070 10.58 
0.168 O.C82 LO.73 
0.198 0.097 ll.O? 
0.234 0.114 11.27 
0.274 0.134 11.56 

C .629 64.3 15.35 0.1232 26.73 0.677 0.323 
C.637 79.d 15.55 0.1537 26.41 0.699 0.30 1 
C.656 69.6 16 .OO 0. LB’12 26.07 0.722 0.278 
C.670 L05.1 16.34 i).LL9\i 25.82 0.740 0.260 
C.687 124.1 Lo. lo 0.2 I53 25.51 0.762 0.238 

0.320 0.156 11.87 c  .705 144.d 17.21 0.5264 25.27 0.778 0.222 
0.371 0.18 1 12.07 0.717 167.7 17.>,1 i1.3u99 24.97 0.799 0.201 
0.432 0.2LL 12.3e c.735 195.3 17.44 3.4661 24.71 0.817 0.183 
0.503 0.246 12.73 C. 756 2c7.5 18.46 U.5001 24.40 0.839 0.161 
0. 592 0.289 13.08 c.777 267.7 Ld.97 ii.bd71 24.02 0.065 0.135 

0.693 0.339 13.47 C.800 312.7 lY.5> O.ul41 23.68 0. a88 0.112 
0.018 0.400 13.96 C.823 373.0 2O.JY 3.9411 23.41 0.908 0.092 
0.970 0.474 14.39 c.855 430.9 211.0 I l.obbi 23.17 0.924 0.076 
1.123 0.549 14.84 C.882 507.d 21.5L 1. Lr51 22.96 0.939 0.061 
1.275 O.h23 15.23 C.905 57b.d 22.0a 1.3221 22.78 0.952 0.048 

1.427 0.698 15.68 
1.580 0.772 15.58 
1.732 0.847 16.30 
L.eA5 0.921 16.53 
2.037 0.996 16.68 

c.932 645.7 LL. 13 L.44Yl 22.60 0.964 0.036 
c.950 71s.7 23.i7 1.5761 22.47 0.973 0.027 
C.969 7d3 .b LA.64 1.71r3L 22.34 0.982 0.018 
C.962 052.5 23.97 l.b31)1 22.27 0.987 0.013 
c.991, 9LI.S 24.10 L.=l;rlL 22.20 0.992 0.008 

24.37 2.0041 22.14 0.996 
z‘t.40 L.LllL 22.11 0.998 

2.336 .23.09 1.000 
2.465 22.06 1.000 

0.004 c.999 9YJ.4 
1.000 105Y.3 

2.199 1.071) 16.81 
2.342 1.145 16.83 0.002 

0.000 
0.000 



RUN cs2074 *** DISCRETE HOLE RI6 *** NAS-3-14336 STANTCN NUMPER DATA 

TADB= 21.87 DEG C UINF= 16.81 M/S TINF= il.75 DEG C 
l?rci= 1.187 Kti/M3 VISC= O.l5243E-04 M2/S x\ro= 21.0 CM 
CP= 1013. J/KGK PR= 01716 

*** 2700HSLF I’ P/D=5 

PLATE X 
1 127.8 
2 132.8 
3 137.9 
4 143.3 
5 148.1 
6 153.2 
7 158.2 
8 163.3 
9 168.4 

10 173.5 
11 17i3.6 
12 183.6 
13 167.5 2 

-I 14 193.1 
J-3 15 192.7 

16 195.4 
17 15B.O 
18 200.6 
15 203.2 
2c 205.8 
il 2oe.5 
22 211.1 

FE X 
0.12776E 07 
0.123137E 07 
0.12887E 07 
3.13457E 07 
0.14027E 07 
0.14578E 07 
U.15138E 07 
0.15698E 07 
0.16258E 07 
0.16819E 07 
0.17379E 07 
0.17S39E 07 
D.18365E 07 
0.18653E 07 
0.16942E 07 
0.19232E 07 
O.l9522E 07 
0.198iOE 07 
C. 20089E 07 
0.2i)387E 07 
0.20676E 07 
3.20964E 07 

23 213.7 0.21253E 07 
24 ilb.3 5.21643E 07 
25 218.9 0.21833E 07 
26 221.6 0.22121E 37 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

224.2 0.22410E 07 
226.E 0.226QBE 07 
229.4 0.22987E 07 
232.0 0.23275E 07 
234.6 3.23564E 07 
237.3 0.23854E 07 
239.9 3.24144E 07 
242.5 13.24432E 07 
245.1 0.24721E 37 
247.8 0.25CiQCE 07 

TO REE NTH 
36.27 Odl8684E 04 
36.27 Od119950E C4 
36.31 OA21229E 04 
36.27 c422495t 04 
36.27 0 r23750E 04 
36.27 0.24998E 04 
36.25 0.2623 75 04 
tt.25 C+27462E 04 
36.27 0&28666E 04 
36.27 0129854E 04 
26.25 CA31029E 04 
36.25 OA32.195E 04 
36.33 0133e57E 04 
56.29 0 i33617E 04 
36.C3 0134172E 04 

,36.65 C.34722E 04 
36..67 Oi35267E 04 
36.63 Ob35812E 04 
36.57 0.36354E 04 
36.71 0136891E 34 
26.61 Qb37428E 04 
36.t5 0137T66E 04 
36.61 Oi38497E 04 
26.71 0139025E 04 
36.59 Oo39552E 04 
36.46 C&40079E 04 
35.18 Oh40605E 04 
36.46 C~41130E 04 
36.40 OJ41t54E 04 
16.86 0142 PBOE 04 
36. E6 Cr427C7E 04 
36.74 0.432281: 04 
36. t9 0143749E 34 
26.40 C.44270E 04 
56..63 0.44788E 04 
36.27 0~45306t 04 

STANfON NO DST DREFN 
0.22298E-02 3.516E-04 28. 
0.22857E-02 0.519E-04 28. 
0.22765E-02 0.517E-04 28. 
0.22419E-02 0.517E-04 28. 
0.22392E-02 0.517E-04 28. 
0.22167E-02 0.515E-04 28. 
0.22067E-02 0.515E-04 28. 
0.21636E-02 0.513E-04 29. 
0,2134$E-02 0.511E-04 29. 
0.21079E-02 0.5 IOE-04 29. 
0.2C855E-02 0.509E-04 29. 
O.ZC774E-02 0.509&04 29. 
O.lS428E-02 0.682E-04 29. 
O.l9322E-02 0.678E-04 29. 
0.19113E-02 0.681E-04 29. 
O.l893UE-02 0.666E-04 29. 
O.l@864E-02 0.666E-04 29. 
0.1 E845E-02 0.665E-04 29. 
O.l566lE-02 0.650E-04 29. 
O..te546E-02 0.656E-04 29. 
O.l8605E-02 0.651E-04 29. 
O.l5636E-02 0.661 E-04 29. 
0 a 18176E-02 0.641E-04 29. 
0.18344E-02 0.657E-04 29 . 
O.l816tE-02 0.645E-04 29. 
3.18293E-02 0.685E-04 29. 
O.lt?154E-02 0.591E-04 29. 
O.l8195E-02 0.688E-04 29. 
O.l8063E-02 0.626E-04 29. 
O.l&364E-02 0.665E-04 29. 
O.lflllE-02 0.645 E-04 30. 
O.l7956E-02 0.638E-04 30. 
3.18129E-02 0.648E-04 30. 
O.l7910E-02 0.621 E-04 30. 
O.l7961E-02 0.661f-04 30. 
O.l7896E-02 0.7 14E-04 30. 

ST(THE0) 
0.20585E-02 
0.20395E-02 
0,20214E-02 
0.20043E-02 
O.l9880E-02 
O.l9725E-02 
0.19577E-02 
0.19435E-02 
O.l9299E-02 
0,19169E-02 
0.19044E~02 
O.l8923E-02 
O.l8835E-02 
0.18776E02 
0,18718E-02 
O.l8662E-02 
O.l8606E-02 
O.l8551E-02 
O.l8498E-02 
O.l8445E-02 
O.l8393E-02 
O.l8342E-02 
O.l8292E-02 
0,18243E-02 
O.l8194E-02 
O.l8146E-02 
O.l8100E-02 
O.l8053E-02 
O.l8008E-02 
O.l7963E-02 
O.l7919E-02 
O.l7875E-02 
0,17832E-02 
O.l7789E-02 
0,. 17748E-02 
O.l7707E-02 

RAT1 0 
1.083 
1.123 
1.126 
1.119 
1.126 
1.124 
1.127 
1.113 
1.106 
1.100 
1.095 
1.098 
1.032 
1.029 
1.021 
1.014 
1.014 
1.016 
1.009 
1.005 
1.012 
1.016 
0.994 
1.006 
0.998 
1.008 
1.003 
1.008 
I.003 
1.022 
1.011 
1.005 
1.017 
1.007 
1.012 
1.011 



-.;- 

FUN 100174-l *@* DISCRETE HULE RIG *** NAS-3-14336 STANTON NUY8R DAT4 

TAC@= 21.51 DEG C U INF= le.74 M/S 
Rio= 1. 188 KG/Y3 V ISC= O.l5229F-04 M2/S 
CP= 1312. J/KGK PR= 0.716 

*** 27COHSL4C M=0.4 lb=0 P/C=5 c*+ 

FLCTE 
1 
2 
3 
4 
c 
B 
7 
0 
Y 

1J 
11 
12 
13 
i4 
15 
16 
17 
ie 
19 
20 
22 
22 
23 
24 
25 
26 
27 
25 
29 
3c 
31 
32 
33 
34 
35 
3t 

: x 
.127.8 

REX 
o.li73eE 07 

132.8 0.12297E 07 
137.9 9.12855k 07 
143.0 0.13414E 07 
148.1 0.13972E 07 
153.2 0.1453lE 07 
158.2 0.15CESE 07 
163.3 3.15648E 07 
168.4 0.16206E 07 
173.5 0.167t4E i)7 
178.6 0.. 17323E 0 7 
183.6 0.17881E 37 
187.5 0.18306E 07 
190.1 0.18593E 07 
19207 0.18881E 07 
155.4 0.19170E 07 
198.0 0.14459E 07 
200.6 0.19777E 07 
203.2 0.20034E 07 
205.8 0.20322E 07 
208.5 0.20609E 07 
211.1 0.20897E CT7 
213.7 3. i1185E 07 
216.3 0.21474E 0 7 
218.9 0.21763E 07 
221.6 0.22050E 07 
224.2 0.223385 07 
226.8 9.22625E 07 
229.4 0.22913E 07 
231.3 il. 23201: 07 
23/t .6 0.2348aii 07 
237.3 0.23777E 07 
239.9 0.24066E 07 
242.5 3.24354E 37 
24S.l 0.24641E (17 
247.8 0.24929E oi 

UNCERTAINTY !N REX=2792 2. 

TO FEENTH 
36.33 i1;18177E 04 
36.36 0.14485E 04 
36.34 C621760E 94 
36.34 0.24143E 04 
25.3t Os26528E 04 
36.40 Ca28e2EE 04 
36.36 0.31128k 04 
56.33 C;33537E 04 
36.36 013.5 85bE 04 
36.34 Od38193E 34 
36.34 C .40522E 04 
36. 56 0 i42 e47E 04 
35.79 0144818E 04 
35.79 Oi45388E 04 
36.15 0.45837E 04 
:.5.21 0 i46475E 04 
36.27 0~47003E 04 
36.27 0147521E 04 
16.27 t ;48CC5E 04 
34.68 0149563E 04 
36.34 0149119E 04 
36*44 Cd495Ei4E 04 
36.40 Oi50062E 04 
36.55 c A50535E 04 
36.40 Cd51039f 04 
36.33 0:514dOE 04 
25.14 0.51Y47F 04 
55.:1 Cd52415E 04 
-.I 
;b.?l a i5268’E 04 
26.74 CA53346E 34 
36 069 ‘? e53a5i 04 
36-55 Co54253E 04 
36.53 c15475oi 04 
3C.il i&552:% 04 
26.44 Go556S6E 04 
'6.C6 Oe5615Oi 04 

UYCtkT4 I"iIY Ih F=O.U503.5 IV RAT13 

TINF= 21.38 DEG C 
xvc= 2i.0 CM 

STANTON NC DST 
0.23449E-02 0.511 E-04 
0.2338ec-02 0.509E-04 
5.23331E-02 r).53YE-04 
0.228S5E-C2 0*507F-04 
0.22665E-02 3.505E-04 
0.22163E-02 0.50lE-04 
0.225722-02 5.505E-04 
0.22183E-02 0.504E-04 

0.500E-04 
0.502E-04 
C. 500E-04 
3.495E-04 
0.688E-04 
0.677E-04 
0.673E-04 
0.653E-04 
0.644%04 
0.633E-04 

0.21767E-02 
0.21951&C2 
O.Z1703E-02 
0.2C850E-02 
O.ZC3EZE-02 
O.lS243E-02 
0 .le876E-02 
il. be493E-02 
O.lE17,6E-02 
0. L7824E-02 
O.l5769E-02 
0.2300CE-02 
O.l5606E-C2 
0.16724E02 
O.l646DE-02 
0 .lt38tE-02 
3.1655EIE-02 
O.lt178E-02 
O.l&207E-02 
0.1631 lE-02 
0.1604CE-02 
O.b6302E-02 
0.1623 lE-02 
3.16166E-02 
O.l6280E-02 
3.162Y)E-02 
0. lC141E-02 
O.l6124E-32 

0.609E-04 
0.723E04 
0.6 OlE-04 
0.603E-04 
0.586E-04 
Q.599E-04 
0.592E-34 
0.616E-04 
0.537E-54 
0.622E-C4 
0.565E-04 
0.60lE-04 
G.587E-04 
i3.5SlE-04 
0.592E-04 
3.570E-04 
0.604E-04 
7.658E-04 

DREEN 
28. 
29. 
31. 
33. 
35. 
36. 
38. 
39. 
41. 
42. 
44. 
45. 
46. 
46. 
46. 
46. 
46. 
46. 
46. 
44. 
46 . 
46. 
46. 
46. 
46. 
46. 
46. 
46. 
46. 
46. 
46. 
46. 
46. 
46. 
46. 
46. 

M  F T2 THETA 

0.39 0.0126 23.45 0.138 
0.39 0.0128 23r72 0.156 
0.39 0.0127 23.68 0.154 
0.39 0.0126 23162 0.149 
0.38 0.0123 23i69 0.153 
0.39 0.0126 23.86 0.165 
0.39 0.0125 23472 0.156 
0.39 0.0126 23A75 0.158 
0.38 0.0124 23A79 0.161 
0.39 0.0126 23.79 0.161 
0.39 0.0125 23373 0.157 

Cfq 

0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 



RUN 100374 **+ DISCRETE HOLE RI t *** NAS-3-14336 STANTON NUMBER DATA 

TACB= 20.81 DEG C UINF= L1.70 M/S 
FHC= 1.194 KG/M3 UISC= O.l’125E-04 M2/S 
CP= 1012. .l/KGK PR= 01716 

w* 2703HSL40 M=O.Q Tk=l P/D=! *** 

PLATE X PEX fa 
1 127.8 0.11790E 07 36.33 
2 132.8 0.12351E 07 36.36 
3 137.9 0.12912E 07 36.38 
4 143.5 0.13473E 37 36.34 
5 148.1 0.14034E 07 36.31 
6 153.2 0.14595E 07 36 . -33 
7 158.2 0.15156E 07 36.33 
@ 163.3 0.15717E 07 36.33 
9 168.4 0.162.7SE 07 26.24 

10 173.5 0.16839E 07 36.31 
11 178.6 3.1741)OE 07 36.34 
12 183.6 0.17960E 07 36.36 
13 187.5 0.18387E 07 36.23 

P 14 190.1 0.18676E 07 36.13 
P 03 15 192.7 0.18964E 07 56. 36 

16 195.4 0.19255E 07 36.36 
17 198.0 0.19545E 07 36 .16 
18 200.6 0.19834E 07 56.23 
1s 203.2 0.20123E 07 36.29 
20 205.8 0.20412E 07 26.36 
21 208.5 0.207DlE 07 16.33 
22 ill.1 0.209895 07 36.34 
23 213.7 0.21278E 07 36.33 
24 216.3 0.21569E 07 26.44 
25 218.9 G.21853E 07 36.31 
26 221.6 0.22148E 07 36.17 
27 224.2 0.2243 7E 07 35.19 
28 226.8 0.227.25E 07 36.23 
29 229.4 0.23014E .07 36.15 
30 232.0 0.23383E 07 36.44 
31 234.6 0.235BZE 07 26.44 
32 237.3 0.23882E 07 36.27 
33 233.9 O.i417?E 07 ‘6.23 
34 242.5 0.244&1E 07 36.02 
35 245.1 0.24750E 07 36.13 
36 247.8 0.25033E 07 35.@3 

UNCERtAIhTY IN REX=2,8046. 

PEE NTH 
Q,l8258E 04 
0119478E 04 
0:26887E 04 
0134518E 04 
Oi42343F 04 
0149 864E 04 
O(57716E 04 
0.65 274E 04 
C r72728E 04 
Or80028E 04 
0187332E 04 
0 194645E 04 
OJ10.136E 05 
OIlOl68E 05 
0110200t 05 
0110232E 05 
0113264E 05 
0.10297E 05 
0110329E 05 
0110361E 05 
0~10392E 05 
0113424E 05 
OL10456E 05 
O&l 0487E 05 
Oi10519E 05 
0110551E 05 
Oi10522E 05 
QA10613E 05 
OllO646E 05 
Od10678E 05 
,Oil0711E 05 
‘0 110744E 05 
0110778E 05 
Oi10811E 05 
O&10 8446 C5 
0110878E 05 

TINF= 20.69 DEG C 
x va- 21.0 CM 

S‘IAhTCN NO DST @REEN M F T2 THETA 
0.23403E-02 0.488 E-04 28. 
0.20106E-02 0.470E-04 33. 0.37 0.0120 35.54 0.951 
O.lt555E-02 0.453E-04 42. 0.37 0.0120 36.47 1.006 
O.l3919E-02 0.444E-04 49. 0.38 0.0122 36.87 1.034 
0.13162E-02 0.44 3E-04 56. 0.37 0.0120 36153 1.014 
O.l2416E-02 0.443 E-04 62. 5.39 0.9127 36A35 1.002 
O.l2191E-02 0.439E-04 68. 0.38 0.0124 36.21 0.992 
O.l1969E-02 3.438E-04 73. 0.36 0.0118 36i76 1.028 
O.l1419E-02 0.436E-04 77. 0.37 0.0120 36.24 0.993 
O.l1287E-02 0.437E-04 82. 0.38 0.0123 35i81 0.968 
O.lG8 89E-02 0.434E-04 86. 0.39 0.0125 35354 0.952 
O.l0709E-02 0.433E-Ci4 89. 0.37 0.0120 35;31 0.933 
O.lC778E-02 0.406E-04 91. 
0.11053+02 0.427E-04 91. 
O.l1136E-02 0.431 E-D4 91. 
0.11104%02 0.424E-04 91. 
O.l1164E-02 0.427E-04 91. 
O.l1219E-02 0.429E-04 91. 
O.l0931E-02 0.412E-04 91. 
O.l104lE-02 0.419E-04 91. 
0.10947E02 0.415E-04 91. 
O.lC978E-02 0.424E-04 91. 
O.lG804E-02 0.415E-04 91. 
O.l0914E-02 0.430E-04 91. 
0.11003E-02 0.425E-04 91. 
O.l1104E-02 0.44bE-04 91. 
O.lC595E-02 0.3.58E-04 91. 
O.l1131E-02 0.452E-04 91. 
O.l1054E-C2 0.417E-04 91. 
0.11589E-02 ‘3.450E-04 91. 
O.l1346E-02 0.438E-04 91. 
O.l1523E-02 0.440E-04 91. 
O.l1711E-02 0.448 E-04 91. 
O.l1055E-02 0.416E-04 91. 
O.l1699E-02 0.463 E-04 91. 
O.l1610E-02 0.500E-04 91. 

UNCEPTAINTY IN F=O.O5036 IN RATIO 

DTH 

0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
D.020 
0.020 
0.020 



FUN 100174-l *** DISCRETE HCLE RIO ++* NAS-3-14336 STANTON NWBR DATA 

*** -2700HSL40 MlC.4 TU=O P/D=5 +** 

RUN 100374 *cI* DISCRETE HCLE RI6 l ** NAS-3-14336 STANTON NUMBER DATA 

*** 2700HSL40 MlO.4 tH=l P/D=5 It** 

LINEAR SUPERPCSITICN IS APPLIEC TO STANTON WHBER DATA FROM 
RUN NUMBERS 100174-l AND 100374 TO OBTAIN STANTCN hUHBER DATA AT TH=O AND TH-1 

RE CEL2 ST(TH+l) ETA STCR F-COL STHR ‘-HOT LOCB 

1825.@ 
1947.2 
2720.1 
3479.4 
4240.2 
4903.7 
5761.9 
t529.2 
7256. B 
1990.9 
E741.7 
9502.4 

10216.3 
10246.0 

0.002340 uuuuu 
0.001991 0.169 

1.040 
1.057 
1.077 
1.086 
1.086 
1.094 
1.116 
1.125 
1.106 
1.132 
1.148 

0.0000 1.038 
0.0126 0.879 

0.0000 
0.0120 
0.0120 
0.0122 
0.0120 
0.0127 
0.0124 
0.011e 
0.0120 
0.0123 
0.0125 
0.0120 

1.038 
2.713 

PLATE RE XCOL 

3173846.0 
1229690.0 
1285534.0 
1341379.0 
1397223.0 
1453067.0 
1508912.0 
1564756.0 
1620600.0 
1676444.0 
1132209.0 
1700133.0 
1030575.0 
1159334.0 
leee094.0 
1916993.0 
2945893.0 
1974653.0 
2003412.0 
2032172.0 
2060932.0 
2089692.0 
2118452.0 
i147351.0 
2176250.0 
2205010.0 
2233770.0 
2262530.0 
2291290.0 
2320050.0 
2348810.0 
2377709.0 
2406608.0 
2435360.0 
2464128.0 
2492007.0 

RE DEL2 ST(TH=OJ REXHOT 

1817.7 0.002345 1179040.0 
1950.1 0.002395 1235131.0 
2085.3 0.0.02450 1291222.0 
2222.1 0.002450 1347314.0 
2358.4 0.002431 1403405.0 
2493.0 
2620.2 &E&l KZk”, 
2764.1 0.002411 1571679.0 
2097.5 0.002367 1627770.0 
3030.7 0.002402 1603862.0 
3164.5 
3295.1 w :Ex21:: 
3391.2 0.002233 1838674.0 
3453.5 0.002090 1867561.0 
3513.0 0.002045 1896448.0 
357l.2 0.001999 1925475.0 
3620.2 0..001960 1954502.0 
3604.0 0.x)01916 1883389.0 
3135.7 0.001675 2012276.0 
379b.4 0.002542 2041163.0 
3856.9 0.001654 2070051.0 
3906.4 0.001789 2098938.0 
3957.5 0.001761 2627825.0 
4008.1 0.001750 2156052.0 
4050.7 0.001760 2.l05079.0 

0.001638 01331 0.0128 
0.0127 
0.0126 
0.0123 
0.0126 
0.0125 
0.0126 
0.0124 
0.0126 
0.0125 

a.720 
8.627 
a.599 
a.573 
D-554 
1.564 
1.540 
8.520 
0.497 
8.478 
1.515 
8.531 

2.491 
2.390 
2.329 
2.417 
2.333 
2.3lb 
2.299 
2.323 
2.342 
2.240 

0.001412 0.424 
0.001342 O&440 
0.001251 
0.001215 

0~476 
04505 
0 b499 
O&512 
01540 
01567 

0.001104 
0.001035 
0.000996 
c.001007 
0.001045 

O&565 
01549 

1.100 
1.142 
1.061 
1.057 
1.051 

Ob500 
\=: 15 

16 
102716.4 0.001057 Ob483 
10301. s 0.001056 0~472 

0.547 
0.555 

17 
18 
19 
20 

10337.6 6.001065 04457 1.034 0.562 
10368.5 0.001073 
10398.4 0.00105e 

01440 
01369 
0~600 
0.359 
01410 
0,410 
oi399 
OL401 
01376 
01413 

1.004 0.562 
0.889 0.561 

lC429.3 0.001016 
0.001060 
0.001056 

10459.4 
10490.0 
lC520.3 
10550.5 
10581.0 
10611.9 
10642.1 
10672.4 
lC703.4 
10735.1 
10761.2 
lC799.3 
lC831.5 
lC863.8 
lC095.7 
10926.4 

1.354 0.541 
21 
22 

0.886 
0.958 
0.966 
0.930 
0.961 

8.568 
0.565 

23 

i; 
26 

0.001039 1.570 
a.559 
9.576 
Q-504 
8.553 
a.504 
0.572 

0.001051 
0.001060 

4108.9 0.001721 2214766.0 
4158.7 0.001735 2243653.0 
4208.7 0.001736 2272540.0 
4258.2 0.001705 2301428.0 
4307.6 0.001726 2330315.0 
4357.3 0.001729 2359202.0 
4406.9 0.001711 2388229.0 
4456.3 0.0017il 2417256.0 
4506.0 0.001735 2446143.0 
4555.5 O.CO1704 2415030.0 
4604.6 0.001704 2503917.0 

0.001073 
0.001018 
0.001075 
0.001069 
0.001124 
0.001090 
0.001118 
0.001138 
0.001067 
0.001137 
0.001128 

0.937 
0.942 
0.944 
0.912 

27 
28 01381 

Oh373 29 
30 
31 

06349 0.928 
O&365 0.950 

1.605 
9.603 
8.620 
B-628 
a.593 
8.641 
1.660 

32 01346 0.948 
OL339 0.950 
01385 0.967 
04333 0.960 
Oi338 0.997 

33 
34 
35 
36 

STANTON NUMBER RAT.10 BASEC Oh EXPERIMENTAL FLAT PLATE VALUE AT SAME X LOCATION 

STABTON NUMBER RATIO FOR TH=i IS CENVERTED TO COMPARABLE TRANSPIRATIJN VALUE 
LSING ALOG{ + 6)/B EXPREZSION IN THE BLOWN SECTICh 



RUN 073174 VELOCITY PROFILE 

REX = 0.11423E 07 REM = 2597. 

xv0 = 22.35 CP. DEL2 = 0.24U CM. 
UINf = 16.80 M/S OEL99= 2.000 CM. 
VISC -5 O.l5498F-04 M2/S DELL = 0.334 CM. 
PORT = 
XLOC = 127.:: CM. tF/2 

= 1.39L 
= O.l7156E-02 

YlCH.1 Y/DEL U(M/S) U/UINF Y+ U+ 

0.025 0.013 7.25 C-431 11.4 10.42 
0.028 0.014 7.41 0.441 12.5 LO.65 
0.030 0.015 7.63 0.454 13.7 liI.97 
0.033 0.017 7.84 0.467 14.8 11.26 
0.036 0.018 8.16 0.4f!6 16.0 IL.72 

0.041 0.020 8.5C C.506 18.2 12.22 
0.048 0.024 8.9C 0.530 21.7 12.79 
0.051 0.025 8.96 0.534 22.8 12.88 
0.058 0.029 9.31 0.555 26.2 13.3Y 
0.066 0.033 9.45 C.563 29.6 13.59 

0.076 0.038 9.7c 0.578 34.2 13.94 
O.C89 0.044 9.96 0.593 39.9 14.31 
0.114 0.057 LO.31 0.614 51.3 14.u3 
0.152 0.076 10.69 0.637 68.4 15.37 
0.203 0.102 11.15 0.664 91.2 16.03 

0.267 0.113 11.5E C.689 119.7 16.64 
0.343 0.17 1 12.01 0.715 153.9 17.26 
0.432 0.216 12.40 0.738 193.8 17.62 
0.533 0.267 12.84 0.764 239.4 18.45 
0.648 0.324 13.34 a.795 290.7 19.18 

0.800 0.400 13.85 ‘0.825 359.1 AY.91 
0.978 0.489 14.45 (I.860 438.9 20.77 
1.181 0.590 15.0t 0.897 530.1 21.66 
1.440 0.720 15.71 0.936 646.4 22.59 
1.664 0.832 16.15 C.964 746.8 23.28 

1.981 0.990 16.61 
2.362 1.181 16.80 
3.028 1.514 16.8C 

0.989 889.3 
1.000 1060.3 
1 .ooo 1359.0 

23.88 
24.14 
24.14 



FUh 373174 *** lI1SCHE-i" HlRE RIG *** NAS-3-14:3t STAN10FJ NWBER DATA 

TAC!?= 26.81 DEG C U INF= l&.80 M/S TINF= 26.68 OEG C 
FHG= 1.171 KG/M3 V ISC= 9.15622E-04 M2/S Xl/O= 22.4 CM 
CP= 1.115. J/KGK PR= 

*** 2 7 00 STEP FP P/D =5 **I* 

FLATE X 
1 127.8 
2 132.8 
5 
4 137.9 143.0 
5 148.1 
6 153.2 
7 158.2 
a 153.3 
5 168.4 

10 173.5 
11 178.6 
li 183.6 
13 187.5 

t-l =: 14 15 192.7 190.1 

16 195.4 
17 198.0 
18 200.6 
l‘i 203.2 
20 205.8 
21 238.5 
22 211.1 
23 213.7 
24 216.3 
25 i18.9 
25 221.5 
27 224.2 
28 226..!? 
29 229.4 
30 232.0 
31 234.6 
32 237.3 
33 239.9 
34 i42.5 
35 245.1 
36 247.8 

P. EX TC 
J.ilj35E r)7 39.35 
0.118825 07 35.35 
0.124285 07 29.39 
0.12974E 07 39.31 
0.1352lE 07 39.37 
O.l+a67E 07 29.43 
0.14613f iJ7 99.39 
0.15159E 07 39.41 
0.157.06E 07 39.41 
3.16252E 07 39.44 
0.16798E 07 39.46 
0.17345s 37 39.54 
0.1776UE 07 39.44 
O-la04 1E 37 39.41 
U.18322E 07 59.75 
0.18605E 07 .39.77 
0.18888E 37 39.El 
0.19 169E 07 39.75 
0.1945lE 07 39. t9 
0.19732E 07 39. e2 
0.2UOl3E 37 39.79 
0.20295E 07 39.81 
0.23576E 07 25.73 
0.20859E 07 39.84 
O.ZllAlE 07 35. E4 
O.il423E 37 39.El 
0.21704E 07 39.43 
0.21985E 07 59.86 
0.22267E 07 39.67 
0.22548E 07 43.05 
0.22829E 07 40.05 
0. i3112E 37 29.54 
0.23385E 07 39.86 
0.23676E 07 ?9. t2 
0.23957E II7 39.82 
0.24239E 07 39.54 

0,717 

FE5NTJ-l 
3;9567CE 02 
C.27670E 03 
014435OE 03 
0.60257E 03 
Or75534E 03 
C.90327E 03 
0 :10475E 04 
OAl1884E 04 
Cil3265E 04 
Cil4621E 04 
0115552E 04 
Obl726eE 04 
Oil824lE 04 
0118869E 04 
C.lY489E 04 
0 A20 102E 04 
Oi20705E 04 
OA21313E 04 
0121913F 04 
0.22509E 04 
0123102E 04 

D .23691E 04 
Ci24274E 04 
0124855E 04 
0.25435E 04 
0126018E 04 
Oi26628E 04 
Cr27222E 04 
0.27782E 04 
0.28347E 04 
0.289lCE 04 
OA29479E 04 
0 A30042E 04 
0,306OlE 04 
OA3ld60E 04 
0.31717E 04 

DST 
0.683E-04 
0.652E-04 
0.642E-04 
0.634E-04 
0.626E-04 
0.617E04 
0.616E-04 
0.610E-04 
0.608E-04 
0.603 E-04 
0.600E-04 
0.595E-04 
0.795E-04 
0.791 E-04 
0.792E-04 
0.774E-04 
0.770E-04 
0.769E-04 
0.75lE-04 

O.i1150E-02 0.759E-04 
0.20941E-02 0.748E-04 
0.20913E-02 0.756E-04 
0,23465E-02 0.733E-04 
0.20762E-02 0.754E-04 
0.20436E-02 0.739E-04 

STANTON hO 
0.35028E-02 
0.:124@+02 
3,29964E-02 
0.2E2 70E-02 
0.27515E-02 
O.ZC64lE-02 
0.2616 lE-02 
0.25417E-02 
0.25137E-02 
0.24535E-02 
0.2417lE-02 
3,24316E-02 
0.22480E-02 
0.22150E-02 
0.21877E-02 
0.21648E-02 
0,21431E-C2 
O-21446+02 
0.2118DE-02 

O.l9925E-02 
0.202l.OE-02 
0.20168E-02 
O.l5831E-02 
0.20099F-02 
O.l9633E-02 
0.20032E-02 
0.1949 8F02 

O,lS834E-02 0.738E-04 
0.702E-04 
0.746E-04 
0.73oE-04 
0.720E-04 
0.731E-04 
0.697E-04 
0.748E-04 
0.796E-04 

OR EEN 
2. 
3. 
4. 
5. 
5. 
6. 
6. 
7. 
7. 
8. 
8. 
8. 
9. 
9. 
9. 
9. 
9. 
9. 
9. 

1’:: 
10. 
10. 
10. 
10. 

:o": 
11. 
11. 
11. 

I':: 

1':: 
11. 
11. 

ST( THE OJ 
0.31739E-02 
0,27968E-02 
0,26313E-02 
0,25245E-02 
0.24454E- 02 
0.23826E-02 
0.23305E-02 
0.22858E-02 
0.22468E-02 
0,22120E-02 
0.218 OBE-02 
0.21524E02 
0.21324E-02 
0,21196E-02 
0.21073E-02 
0.20953E-02 
0,20838E-02 
0.20728E-02 
0,20622E-02 
0.20519E-02 
0.20419E-07 
0.20322E-02 
0.20229E-02 
0,20137E-02 
0.20048E-02 
O.l9963E-02 
O.l9879E-02 
0,19798E-02 
Oc19718E-02 
O.l964lE-02 
O.l9566E-02 
0,19492E-02 
O.l9420E-02 
O.l9349E-02 
O.l928lE-02 
O.l9214E-02 

RATI 3 
1.104 
1.117 
1.139 
1.120 
1.125 
1.118 
1.123 
1.112 
1.119 
1.109 
1.108 
1.116 
1.054 
1.045 
1.038 
1.033 
1.028 
1.035 
1.027 
1.031 
1.026 
1.029 
1.012 
1.031 
1.019 
1.051 
1.123 
1.002 
1.010 
1.029 
1.031 
1.017 
1.035 
1.015 
1.039 
1.015 



RUN 090574 *** OISCRETE HCLE PIG *** NAS-3-1423t. STANTON NLM BER DATA 

TAO@= 27.69 CEG C U INF= 16.8 1’ M/S 
RHO= 1.161 KG/N3 V ISC= O.l5796E-04 M2/S 
CP= 1015. J/KGK PR= 01717 

*** 2700SfEPl3 M='J.l 7H=O P/D=5 *** 

PLATE X REX TO 
1 127.8 0.11216E 07 38.19 
2 132.8 0.11759E 07 38.19 
2 
4 137.9 143.0 0.1284OE 0.12299E 07 07 33.19 38.23 
5 148.1 0.13381E 37 3e.23 
6 153.2 0.1392lE 07 38.23 
7 158.2 3.14462F 07 38.21 
e 163.3 0.15003E 07 38.19 
9 168.4 0.1554 3E 07 30.21 

10 173.5 0.16084E 07 38.il 
11 178.6 0.16t24E 07 58.23 
12 183.6 0.17165E 07 18.27 
13 107.5 0.17576E 07 37.73 
14 190.1 0.17854E 07 37. t4 
15 192.7 0.18133E 07 37.54 
16 195.4 0.18413E 07 37.56 
17 198-O 0.18692E 07 37.58 
1E 203.6 0.1897lE 07 27. SC 
19 203.2 0.19249E 0 7 37.94 
20 205.8 3.19528E 07 38.04 
21 208.5 0.19806E '37 37. s0 
22 ill.1 C. 20C84E 07 38.10 
23 213.7 O.i3363E 07 30. c4 
24 216.3 0.20643E 07 28.11 
25 il8.9 0.20922E 37 38.10 
2t 221.6 3.212fllE 07 38.62 
27 224.2 3.21479E 07 27.t5 
28 226.8 0.21758E 07 38.02 
29 i25.4 0.22036E 0 7 i7.5t 
3c 232.0 0.27315E 07 38.29 
31 234.6 0.22593E 07 58. i5 
32 237.3 5.22873E 07‘ 'd.19 
33 239.9 0.23 1525 07 38.13 
34 242.5 0.2343lE 07 37.52 
35 245.1 0.23709E 0’7 28.08 
3t 247.8 J.Z;988t 07 37. E5 

CNCFRTAIYTY IN REX=27032. 

REE NTH 
0 i96243E 02 
012758lE 03 
0144916E 03 
O.62760E 03 
0179750E 03 
0.96012E 03 
0111195E 04 
Oil2779E 04 
0.14256E 04 
Oil5773E 04 
O.17223E 04 
C rlBC37E 04 
0 119724E 04 
0.2 0346E 04 
0.20952E 04 
0121540E 04 
0.22120E 04 
0122694E 04 
Ot23260E 04 
0123822E 04 
0 :24303E 04 
0 ~249 38E 04 
0.25482E 04 
Or26.02EF 04 
0&2657x 04 
0.2712OE 04 
Ci27t62E 04 
0 r28205E 04 
O128743E 04 
Oi2928lE 04 
Oi29822E 04 
C.30’55E 04 
C ;30886E 04 
CA31416E C4 
0131944E 04 
C :32472E C4 

T I hF= 27.56 DEG C 
xva= 22.4 CM 

STANTON NC DST 
0,135604E-02 O.E13E-04 
0.30823E-02 0.772E-04 
0,30353E-02 0.768 E-04 
O.ZE675E-02 0.752E-04 
0,2796GE-02 0.746E-04 
0.2C709E-02 0.736E-04 
0.2t431E-02 0.736 E-04 
0.25381E-02 0.729E-04 
0.24392E-02 0.72lE-04 
0,23974E-02 0.7 18E-04 
0.23143E-02 0.7llE-04 
U.Z2062E-02 0.702E-04 
0.2244 lE-02 0.812E-04 
0.221 i5E-02 0.835E-04 
0.21296E-02 0.814E-C4 
0.2C915E-02 0.790E-04 
0.2C668E-02 0.784E-04 
0.20517E-02 0.779E-04 
0,2C097E-02 0.755E-04 
0.20200E-02 0.765E-04 
0.20106E-02 0.754E-04 
O.lS678E-02 0.759E-04 
O.l5378E-02 0.739E-04 
O.l5767E-02 0.762E-Cl4 
0,15623E-02 0.753E-04 
O.l5357E-02 0.781E-04 
O.lS52tE-02 0.710E-04 
O.l9416E-02 0.788E-04 
3.1Sl68E-02 0.722E-04 
O.lS4ESE-C2 0.760E-04 
0. lS2 82E-02 0.74lE-04 
0.1 E99 8E-02 0.733E-04 
O.l9113E-02 0.738E-04 
C.lE849E-02 0.712E-04 
0.19lClE-02 0.759E-04 
O.lE734E-02 0.813E-04 

UNCERTAINTY IN F=O.O5037 IN RATIO 

DREEN 
2. 
5. 
7. 
8. 
9. 

11. 
12. 

K: 
14. 
15. 
15. 
16. 
16. 
16. 
16. 
16. 
16. 
16. 
16. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
18. 

H F T2 THETA OTi 

0.11 0.0035 28102 0.043 
0.10 0.0033 28A69 0.106 
0.10 0.0033 28i55 0.093 
0.10 0.0033 28J45 0.083 
0.10 0.0033 28.51 0.088 
0.10 0.0032 28;68 0.105 
0.10 0.0032 28A62 0.100 
0.10 0.0033 28A58 0.095 
0.11 0.0035 28156 0.094 
0.10 0.0034 28168 0.105 
0.10 0.0034 28A61 0.098 

0.029 
0.029 
0.029 
0.029 
0.029 
0.029 
0.029 
0.029 
0.029 
0.029 
0.029 



RlJh 090674 ***’ ilISCHC-TE HCLE PIG **+ NAS-3-14336 STANTON NUYBE? DATb 

TADB- 27.36 CEE C U INF= 16.87 H/S 
RHC= 1.162 KG/Y3 VISC= O.l5755E-Cl4 tQ/s 
CP= 1016. J/KGK PP= 01717 

*** 2700STEP13 H=J:l TH=l P/O=5 *** 

PLATE X 

27 

1 

224.2 

127.8 
2 132.8 

28 

? 
4 

226.8 

137.9 143.0 
5 14R.1 
c 153.2 
7 158.2 
e 163.3 
9 168.4 

10 173.5 
11 178.6 
12 182.6 
13 187.5 

P ru 14 190.1 
w 15 192.7 

1.6 195.4 
17 198.0 
la 203.6 
19 203.2 
2c 205.8 
21 208.5 
22 ill.1 
23 213.7 
24 216.3 
25 210.9 
26 221.6 

REX TO 
0.11285E 07 

0.21606E 57 

39.37 
O.llKZBE 07 

?8. Zt 

39.?7 
il. 12372E 37 

0.21887E 

1.9. 59 
0.12916E 07 

07 39.29 

39.35 
3.1346JE 07 2s. 35 
0.140045 07 39.35 
3.14546E 37 39. I5 
3.1509 IE 07 39.35 
3.15635E 37 IS. 37 
0.16179E 07 39.41 
0.16723E 07 39.41 
5.17267E 07 29.41 
0.17680E 07 39.29 
0.17960E 07 39.lC 
0.1824i)E 07 39.41 
J.ld522E 07 39.41 
0.18b03E 07 39.39 
3.1958 3t 07 39.35 
0.19363E 07 39.37 
0.19643E 0 7 39.43 
0.19923E 07 59.43 
0.20203E 07 39.37 
0.20483E 07 5s.21 
0.20765E 07 39.48 
0.210ktE 57 39.37 
0.21326E 07 29.24 

29 229.4 0.22lb7E 07 39.20 
30 232.0 0.22447E 07 39.46 
31 234.6 0.22727E 07 39.50 
32 237.3 0.230QeE 07 3s. 27 
33 239.9 0.23230E 07 39.27 
34 242.5 0.2357JE 07 39.05 
35 245.1 0.23850E 07 39.22 
3t 247.8 0.2413OE 97 19.01 

UhCERTAINfY IN REX=27191. 

PEE NTH 
G.90674t 0 2 
C.25571F 03 
Cr52tllE 03 
Gi76178E 03 
5t10024E 04 
C .12199E 04 
C .1444tE 04 
C i1646OE 04 
Ci18520E 04 
0.20568E 04 
0122713F 04 
Oi24723E 04 
0.26543E 04 
C.27C42E 04 
0.2755OE 04 
0128351E 04 
0.28554E 04 
C129057E 04 
U.29555E 04 
0130054F 04 
Oi30551E a4 
0131049E 04 
C131548E 04 
C 132043E 04 
0.32 544E 04 
C133050E 04 
ai3354sE 04 
0134044E 04 
Oi34543E 04 
0135043E 04 
0135548E 04 
0.36050E 04 
0.3655bE 04 
0;37058E 04 
013756OE 04 
Or38064E 04 

TINF= 27.24 DEG C 
xvo= 22.4 CM 

STANTON h0 DST 
0.333462-02 0.698E-04 
0.27347E-02 0.653E-04 
0.24412E-02 0.632E-04 
0.233505-02 0.627F-04 
0.21&65E-02 0.618E-04 
0.20747E-02 0.612E-C4 
0.2C05lE-02 0.608E-04 
0 .lS2SCE-02 0.604E-04 
O.lE394E-02 r1.598E-04 
O.l7525E-02 0.592E-04 
:7.16776:--02 0.588E-04 
O.lt25EE-C2 0.586E-04 
0.17220E-02 0.642F04 
O.l@322E-C2 O.b80E-04 
O.l7910E-02 0.678E-04 
0.178395-02 0.666E-04 
O.lE04.1E-02 O.b72E-04 
O.l7886E-02 0.669E-04 
0.175 ESE-02 O.bSlE-04 
0.17984E-02 3.666E-04 
O.l7517E-02 0.654E-04 
O.l7949E-02 0.672E-04 
O.l76EIE-C2 0.657E-04 
O-17623+02 0.674E-04 
0.1e05eE-a2 O.b77E-04 
O.lE058E-02 0.705F-04 
O.l7519E-02 O.b22E-04 
O.l7801E-02 0.70bE-04 
O.l7578E-02 O.b49E-04 
O.l8338E-02 0.695E-04 
O.l7671E-02 O&72&04 
O.lE104E-a2 0.675E-04 
O.l8020E-02 0.682E-04 
O.L7756E-02 0.654E-04 
0.1808.4E-02 0.70OE-04 
0.178 lOE-02 0.747E-04 

UNCERTAINTY IN Fd.05036 IN RATIO 

DAEEN 
2. 
5. 
8. 

1,‘: 
12. 
13. 
14. 
15. 
16. 
lb. 
17. 
18. 
18. 
18. 
le. 
18. 
18. 
18. 
18. 
18. 
18. 
18. 
18. 
18. 
18. 
18. 
18. 
19. 
19. 
19. 
19. 
19. 
19. 
19. 
19. 

H F T2 THETA DTi 

0.10 0.0031 36~68 0.779 0.025 
0.08 0.0024 36.86 0.792 0.025 
0.08 0.0027 36A81 0.790 0.025 
0.07 0.0024 36~83 0.792 0.025 
0.08 0.0027 36464 0.777 0.025 
0.07 0.0022 36;65 0.777 0.025 
0.07 0.0024 37iOl 0.806 0.025 
0.08 0.0025 36485 0.792 0.025 
0.09 0.0029 36165 0.773 0.025 
0.08 0.0026 36172 0.780 0.025 
0.08 0.0026 36A87 0.792 0.025 



RUN 090574 *SD DISCRETE HCLE 416 *** NAS-3-14336 STANTON NUMBER DATA 

I)** 2700S7EPKi P=O.l TH=O P/D=5 803 

FUN 090574 *?J* CISCRETE HCFE RIG 984 NAS-3-34326 STANlON NWBE? DATA 

TH=O AND TH=l 

PLATE f iEXCQL 

1 11z1aao.o 
2 1175873.0 
3 1229936.0 
4 1283599,o 
5 1338063.3 
6 1392126.0 

RE DEL2 ': 

2571.7 

96 rn 2 
276.4 
444.0 

3325.3 

607.3 
764.5 
916.3 

1064.4 

3078.3 

1209.3 
1340.6 
1483.9 

2131.5 

1616.2 
1743.3 
1837.6 
1951.6 
1963 .7 
2023.9 
2083.0 
2141.5 
2199.. 2 
2256.3 
2313.5 
2369.3 
2424.5 
2480.3 
iS3b .3 
2590.9 
2645.3 
27Oi) .A 
2755 .% 
laJ9.7 
2364.3 
;s1e.i 

;T : TH-;,, ) 

0.002344 

o.oo35co 
o.co3103 
o.cg305a 

&E Xh U? 

1128452.0 

1291602.0 

1182835.0 
1237218.0 

RE CELZ ST~TH=11 

90.7 0.003335 
252.9 0.002630 
553.2 0.002262 
806.7 0.002174 

1069.2 0.032006 
1303.4 0.001891 
1550.2 0.091796 
1768.1 0.00174t 
1989.2 0.001668 
22 1.1-s 0.001549 

ETA STCR F-CDL STM =-HOT .3GB 

uuuuu 1.016 
0.152 0.814 
0.270 0.909 
0 6262 0.932 
0.302 0.960 
0.311 0.958 
oi343 0.990 
0~336 0.983 
O&339 0.969 
O&377 0.979 

0.0000 0.952 
0.0035 0.940 
0.0033 8.859 
0.0033 D.861 
0.0033 0.820 
0.0033 0.793 
0.0032 0.770 
0.0032 0.763 
0.0033 0.742 
0.0035 d.700 
0.0034 0.673 
0.0034 0.671 

0.0000 
0.3031 
0.0024 
0.0027 
0.0024 
0.0027 
0.0022 

0.952 
1.419 
1.267 
1.330 
1.240 
1.276 
1.185 

0.3024 
0.0025 
0.0029 
0.0026 
O.DO26 

1.207 
1.212 
1.239 

0.002872 
0.002744 

o.co1927 

O.GO2734 
0. CO2628 
O.CO2522 

I).CClSCl 

o.coi4at 
O.CO2407 
O.CO2252 

o.ao1925 

O.CO2321 
o.co22i4 
o.co2iao 

J.COlb@‘l 

O.OOi137 
0.002106 
0.002091 
i3.GO2047 
0.002053 
O.CG2C49 
o.co1993 
3.COlSC3 
o.co2oca 
3.iClSE5 
u.001955 
l.J315SZ 
o.co1565 
3.001940 
O.COlSCb 
O.CGlSF2 
O.CC191~ 

1345985.0 
1400368.0 
1454751.3 
1509134.0 
1563518.0 
1t17901.0 
1672284.0 
1726667.0 
1767699.0 
1796006.0 
la24013.0 
lE52157.0 
1880300.0 
19ca307.0 
1536315.0 
1964322.0 
1992330.0 
2020337.0 
2048344.0 
2076487.0 
2104631.0 
2132638.0 
2 160645.;) 
2 188653.0 
221C661.J 
2244668 0 a 

7 144C189.0 
8 1500252.0 
9 1554315.0 

10 1608378.0 
13 1Cb2442.0 
12 1716505.0 
13 1757593.0 
14 3785435.3 
15 la1327a.o 
lb 1841255.0 
17 1869233.0 
18 1897075.0 
19 1924518.0 
20 195276C.0 
21 1580603.0 
i2 2CO8446.0 
23 i03628E.O 
24 2064206.0 
25 iCS2243.0 
26 212OC86.0 
27 i147529.1 

2450.7 0.001467 
2672.5 C.001444 
2077. i 0.001559 
2923.0 0.001712 
2970-t c.oolba5 
3017.9 5.031bae 
3065.7 0.001722 
3313.e 0.031706 

01390 0.969 
or370 0.941 

3.173 
1.179 

0.329 0.966 
01247 

0.077 

0.955 

0.923 

01227 0.923 
0.210 

0.172 

0.913 

0.979 

o&182 0.907 
0,184 0.907 
04179 0.095 
0.158 0.904 
01185 0.900 
0~127 0.889 
OIlZb 0.002 
01156 0.908 
0.115 0.903 
0.097 0.894 
Oil40 3.912 
OAl20 0.909 
5.123 3.903 
0.086 0.919 
0.121 0.918 
0 6068 0.904 
0.083 0.915 
oi9a4 0.907 

0.730 
0.007 
a.799 
0.805 
0.826 
0.823 
0.814 
0.042 
0.818 
8.056 
0.040 
0.841 
0.876 
0.804 

3161.3 

3938.9 

0.001680 

0.001777 

3209.1 0.001729 
325t.E 

3908.4 

C.001671 

0.3'31752 

3304.6 0.001741 
3353.0 0.001715 
3400.5 C.001695 
3449.3 c.001757 
3498.6 0.001765 
3547.1 0.351689 
3595.0 c.oo173c 
3643.2 0.301738 
3652.3 0.001797 
3741.6 0.001717 
3790.7 0.0017a2 
3840.4 c.oo17be 
3885.6 c.001741 

0.849 
2S 2175771.1: 
23 ;io3t14.0 

0.073 
0.866 

30 i23145t. J 
fl 2259299.0 
32 2287276.0 
33 2315254.0 
34 2343C5b. 0 
35 2370535.0 
36 2398781.5 

0.914 
2272675.3 
2?ccB1c.o 
2328962.3 
2356969.0 
2384976.0 
24129a4:) 

0.877 
0.914 
8.910 
0.899 
8.921 
0.911 

STANTCN IUUMBER EATILl t34SEC Oh ST*PF~*0.4=~.0295"REX**~-.2~*~1.-~X1/~X-XV0~~**0.91**~-1./9.~ 

STANTO& NUrdEk PATIO FOR lti=l IS CCNVERYI) TO CrtFARAHLE TPPIJSPiRATIllN VALLIE 
1SIF:G ALCG(1 + B)/ti EXPRE';ICN IN 1HE BLOWN SECTICIU 



GUN CEO274 **r CISCRETE HOLE RIG *** NAS-3-14336 STANTCh hUMBER DATA 

TAOB= 28.65 DEG C UINF= It.80 M/S 
RHO= 1.164 KG/M3 VISC= 0.15775E04 M2/S 
CP= 1016. J/KGK PR= 01717 

*** 2700STEPZO M=0.2 lH=O P/D=5 *** 

PLATE X REX TO 
1 127.8 0.1122% 07 40.03 
2 132.8 0.11766E 07 39.56 
3 137.9 0.12307E 07 39.98 
4 143.0 O.l2@48E 07 39.58 
5 148.1 0.13389E 07 39.54 
6 153.2 0.13930E 07 29.96 
7 158.2 0.14WlE 07 3’9. Sb 
& lb3.3 0.15012E 07 39.56 
9 

1C 
11 
12 
13 

w 
\=: :: 

16 
13 
18 
19 
20 
21 
22 

168.4 
173.5 
178.6 
183.6 
187.5 
190.1 
192.7 
195.4 
198.0 
200-6 
203.2 
205.8 
i08.5 
211.1 

0.15553E 07 39.Sb 
0.16094E 07 39.58 
0.16635E 07 39.56 
0.171JbE 07 40.00 
0.17587E 07 39.50 
0.17866E 07 '19.33 
O.li3144E 07 39.67 
0.18424E 07 39.73 
0.18704E 07 39. i5 
0.18983E 07 a9.75 
0.19261E 07 19.73 
0.19540E 07 -%?9.@4 
0.15819E 07 39.81 
0.20097E 07 :9. ee 

23 213.7 0.20376E 07 39.81 
24 216.3 0.2065bE 07 39.50 
25 218.9 0.2043bE 07 29.50 
26 221.6 0.21214E 07 29.E4 
27 224.2 0.21483E 07 39.52 
20 226.8 0.21772f 07 39.54 
29 229.4 0.22Q50E 07 39.73 
30 232.0 0.22329E 07 40.05 
31 234.6 0.22607E 07 40.C7 
32 i37.3 0.22e87E 07 59.56 
33 239.9 0.23167E 07 f9.e~ 
34 i42.5 0.23446E 07 39.b4 
35 245.1 0.237255 07 29.E2 
36 247.8 0.24003E 07 39.58 

REENTH 
Ou39744E 02 
0126141E 03 
0;44003E 03 
0.62375E 03 
0.80229E 03 
Cb97262E 03 
Oa11415E 04 
5.13C57E 04 
031474OF 04 
5.16341E 04 
0117905E 04 
0419447Fl 04 
Cd20659E 04 
0121278E 04 
0121892E 04 
.0122487E 04 
Cl12306EE 04 

-0;23t42E 04 
0~24207E 04 
0.24764E 04 
Os25316E 04 
C~2566lE 04 
012639bE 04 
0~26533E 04 
0127468E 04 
Cd28005E 04 
0~2856eE 04 
062911bE 04 
0129t38E 04 
0.30162E 04 
0:30684E 04 
0131203E 04 
Cd31724E 04 
0.32245E 04 
C1327b4E 04 
0.3327EE 04 

TINF= 28.53 DEG C 
x uo= 22.4 CM 

SlANTON NO DST 3REEN 
0.33179E-02 1).733E-04 2. 
0.302E5E-C2 0.714E-04 6. 
3.2E841E-02 3.732E-134 9. 
0,27989E-C2 0.696E-04 1'2 . 
0.2b396E-02 0.69Ob04 14. 
O,ZC049E-02 0.683F-04 16. 
0.25536F-02 O.b79E-04 17. 
0.24723E-C2 C.b74E-04 19. 
0.2410OE-02 O.b69E-04 20. 
0.23882E-02 0.667 E-04 21. 
0.23551%02 0.666E-04 22. 
0.22403E-02 0.656E-04 23. 
0.220CbE-02 0.792E-04 24. 
0.22410E-02 0.824E-C4 24. 
0.21609E-02 O.BllE-04 24. 
0.21025E-02 0.781E-04 24. 
0.20t35E-02 0.771E-04 24. 
0.2C51OE-02 0.765E-04 24. 
0.20044E-02 3.741E-04 24. 
O.l98i5E-02 0.742E-04 24. 
O.l571bE-32 0.731F-04 24. 
O.l531SE-02 0.733E-04 25. 
O.l91Oii-02 0.716E-04 25. 
O.l9336E-02 0.735E-04 25. 
O.l9024E-02 0.721E-04 25. 
O.l5539E-02 0.746E-04 25. 
0.2C767’-02 0.756E-134 25. 
O.lE5EbE-92 3.726E-04 25. 
o.lEA2eE-02 0.692E-04 25. 
O.lE746'-02 0.725E-04 25. 
O.lE692E-02 0.710E-04 25. 
O.lE524E02 0.705F-04 25. 
O.lE81!3E-02 0.717E-04 25. 
O.l854OE-02 0.688F-04 25. 
O.lE6@3E-02 0.734E-04 25. 
Ct.lRlBiE-02 0.783E-04 25. 

UNCERTAINTY Ih; F=O.O5037 IN RATIO 

M F T2 FHETA DTi 

0.20 0.0066 29.12 0.052 0.027 
3.20 0.3065 29450 0.085 0.027 
0.20 0.0064 29h51 0.086 0.027 
0.20 3.0064 29r41 0.077 0.027 
0.20 0.0064 29150 0.085 0.027 
0.20 0.0064 29A59 0.093 0.027 
0.20 0.0065 29i57 0.091 0.027 
0.20 0.0065 29&52 0.087 0.027 
0.20 0.0063 29146 0.082 0.027 
0.20 0.0065 29150 0.085 0.027 
0.20 0.0064 29151 0.086 0.027 

UhCERTAINTY IN KEX=27049. 



FUN 080374 +t*. DISCRETE HCLE RIG *** NAS-3-1433C STANlON NWtBE% DATA .’ 

TAtI?= 26.81 DEG C UINF= 16.71 M/S 
RHO= 1.173 KG/M3 V ISC= O.l5612E-04 H2 /S 
CP= 101.3. J/KGK PR- 0.715 

*** 2 700STEPZO H=O. 2 Th=l P/D=5 *** 

PLATE X 

3i 

1 

237.3 

127.8 
2 132.8 

33 

1 4 

239.9 

143.0 137.9 

E 
i 148.1 153.2 
7 15B.2 
8 163.3 
9 168.4 

11 173.5 
11 179.6 
12 183.6 
13 187.5 

I-J 14 150.1 
w 15 192.7 G? 16 195.4 

17 15kJ.0 
18 2oo.t 
19 203.2 
20 205.8 
il 208.5 
22 211.1 
23 i13.7 
24 216.3 
25 218.9 
26 221.6 
27 224.2 
28 i26.8 
29 229.4 
30 232.0 
31 234.6 

REX TO 
0.11280E 07 

0.2299aE 07 

41.32 
0.11823E 07 

39.ei 

41.36 
0.12367s 07 

0.232806 

41.38 
0.12911E 07 

07 

41.32 

39.e2 

0.13454E 07 41.32 
0.13998E 07 41. El 
0.14541E 07 41.34 
il. 15G85C 07 ‘l-El 
0.15629E 07 41.36 
0. 16172E 07 41.21 
0.16716E 07 41.34 
0.17259E 07 d1.36 
0.17C72E 07 40.28 
0.17952E 07 39.88 
iJ.13232E 07 40.c5 
0.18514E 07 40.03 
0.18795E 0 7 40.01 
0.19UJ5E 07 39.96 
3.19355E 37 39.50 
0.19635E 0 7 29.56 
0.19915E 07 39.98 
0.2019 5E 07 39.50 
0.20475E 37 39.50 
0.20756E 07 40. c7 
0.21037E 07 39.94 
0.21317E 37 39.50 
0.21587E 07 as. 77 
3.218 

3 
7E (17 40. Cl 

0.221 7E 07 a9.e4 
0.2243 7E 07 40.01 
0.22717E 07 4o.,c3 

34 242.5 0.235bOE 07 39.60 
35 245.1 0.23840E 07 39.73 
3C 247.8 0.24120E 07 39.48 

UhCERTAINTY IW REX=271BC. 

REENTH 
OdB8 229E 02 
Oi24652E 03 
Oi69896E 03 
0111301E 04 
0115552E 04 
0;19t33E 04 
Oi2366bE 04 
0;27690E 04 
0132002E 04 
0135 597E 04 
Oi39756E 04 
0143442E 04 
C A47C82E 04 
0 i47443E 04 
C147e31E 04 
0.48227E 04 
0 r48629E 04 
0 r49037F 04 
Oi49443E 04 
0;49853f 04 
0,53262E 04 
0 r50672E 04 
0151084E 04 
C i51452E 04 
0,51905E 04 
Oi52329t: 04 
C r52772E 04 
0153207E 04 
015361&z 04 
015403BE 04 
0 154465E 04 
0 r54892E 04 
Cd55322E 04 
0155747E 04 
C A56 175E 04 
0 ;56605E 04 

TIhF= 26.68 DEG C 
xw= 22.4 CM 

STANTON NO D5T 
0.3246lE-02 0.584 E-04 
0.2577&E-02 0.53BE-04 
0.20407E-02 0.538E-04 
O.lE@55E-C2 0.502E-04 
0. i7385E-02 0.405E-04 
O,lt639E-02 0.493E-04 
O.l'b2BE-02 0.487E-04 
O.l5242E-02 0.487E-04 
O.l436BE-02 
O.l43i5E-02 
0. 13603E-02 
0.1345&E-02 
O.l2055i-02 
O.l3684E-02 
O.l4015E-02 
O.l4214E-02 
O.l4528E-02 
O.l4539E-02 
O.l4453E-02 
0.147 78E-02 
0.1440 lE-02 
O.l4850E-02 
O.l4585E-02 
O.l4539E-02 
O.l4897E-02 
0,1'349E-02 
0.16278'-02 
O.l476bE-02 
O.l4530E-02 
O.l5463E-02 
O.lCOZZE-02 
0.154 20E-02 
O.l5275E-02 
0.1503CF02 
O.l='25F-02 -d 
O.l5165E-02 

0.482E-04 
0.482 E-04 
0.479E-04 
0.478E-04 
0.441E-04 
0.522E-04 
0.542E-04 
0.542E-04 
0.553E-04 
0.554E-04 
,?.542 E-04 
0.555E-04 
3.548E-04 
0.563F04 
0.552E-04 
0.567F-04 
0.564F-04 
0.584F-04 
0.601E-04 
0.574E-04 
0.544E-04 
0.59lE-04 
0.577E-04 
0.5 BOE-04 
0.585E-04 
0.559E-04 
0.608E-04 
0.648E-04 

UNCERTAIYTY Ih F=C.O5037 IN RbtIO 

DREEN 
2. 
9. 

16. 
20. 
24. 
27. 
30. 
32. 
35. 
37. 
39. 
41. 
42. 
42. 
42. 
42. 
42. 
42. 
4% . 
42. 
42. 
42 . 
42. 
42. 
42. 
42. 
42. 
42. 
42. 
42. 
42. 
42. 
42. 
42. 
42. 
42.. 

M F 12 THETA 

0.19 0.0062 41 :OO 01975 
0.18 0.0060 41L42 1.002 
0.18 0.0058 41L83 1.035 
0.18 0.0058 41L34 1.001 
0.18 0.0057 41A46 1.011 
0.18 0.0059 41329 0.996 0.021 
0.19 0.0060 42A43 1.077 0.022 
0.18 0.0060 41b29 0.995 o.021 
0.18 0.0059 4OJ39 0.938 0.021 
0.18 0.0060 40104 0.911 0.021 
0.19 0.0061 4OA41 0.935 0.02 1 

DT-I 

0.021 
0.021 
0.021 
0.021 
o*oti 



RUN 083274 +q'* DISCPE'IE HOLE RIE *** IuAS-3-14336 STANTCN NUM0ER DATA 

-*t 27CCSTEPZO FlC.2 lti=C P/C=5 RI1 

RUh (80374 *** CI;CRETE HCLC RIG =-t NAS-3-14336 STPNTUN NU'IBER CATA 

l ** 270WTEPZO #=0.2 TH=l P/D=5 **+ 

TH=3 4N3 TH=l 
LINEAR SUPERPUSITIGN Iii APPLIEO TO STANTC'd NJHBER CATA FROM 
RUh hUMBERS 080274 AND 080374 TO CBTAIF' STANTON NUMEER CATA 4T 

PLATE REXCOL RE DEL2 5Tl W=Ol GfXHOl 

1122526.0 
1176t24.0 
1230722.0 
1284819.3 
1338917.0 
1393015.0 
1447112.0 
1501210.0 
1555308.0 
1609405.0 
1t63503.0 
1717601.0 
1750715.0 
1706575.0 
1814435.0 
1042431.0 
1070426.0 
1898207.0 
1926147.0 
1954007.5 
1981068.0 
2009720.0 
2037580.0 
iC65504.0 
2093579.0 
2121440.0 
21493oc.u 
2177160.0 
2235C21.O 
ZjL8Bl.O 
i26di41.O 
225373&.0 
iZ16732.J 
2344592.0 
2'72453.0 
i4w3i3.0 

0. CO2783 

3.UO33 I8 
0. co3054 
0.002947 

3.002688 

3. CO20@3 

1127970.i) 

RF DCL2 ST(Tw=l) ETA STCR F-COL 

~20.2 0.003246 uuuuu 0.947 0.0000 

STdR F-HOT LOGB 

0.927 
0.916 
a.770 
0.753 

0.0000 
0.0062 
0.0060 
0.0058 
0.0058 
0.0057 
0.3059 
0.0060 
0.0060 
0.0059 

0.927 
1.797 
1.650 
1.642 
1.623 
1.615 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

a9.7 
242.1 
424.4 
582.1 
735.4 
883.4 

1027.7 
1168.t( 
1305.8 
1440 .b 
1574.1 
1703 .b 
1798.8 
1063.4 
1927.1 
1988.6 
2048.5 
2107.6 
2165.8 
2223 .J 
2279.7 
2335.6 
2390.4 
2445.4 
2500.1 
2555.1 
2612.5 
2668.6 
2721.9 
2775.4 
2828.6 
2001.5 
2934.5 
2987.5 
jO.W.5 
3092.0 

1182330.3 246.2 C.002566 0.160 0.000 0.0066 
1236690.0 .706.3 O.OO2030 01311 0.864 0.0065 
129105O.O 1136.9 3.9O19D4 0.340 0.911 0.0064 

1454130.0 
1508490.5 

134541O.O 

15t2050.0 
1617210.0 

1355770.0 
23C0.7 
2765.3 
3173.5 

1552.1 0.001757 

3574.t 
3967.1 
4359.e 

1960.5 J.O)1675 

4741.5 
4775.t 
4012.3 
4850.0 
4808.6 
492 7.8 
4967.0 
50ct.5 
5046.1 
50E5.8 
Cl25.S 
5165.5 
5205.6 
5247.0 
5290.2 
5332.t 
5372.6 
5413.7 
5455.5 
5457.3 
553s.s 
55 El.0 
5623.0 
5665.2 

c.331474 0.411 
0.001370 0.440 

+%%I “,;:2l 
0.331114 01516 
0.001280 01447 
0.001332 01435 
0.001359 oc375 
0.031397 0.343 
0.001399 0~330 
0.001394 0~324 
C.001431 0.290 
0.001391 0.313 
0.333444 0.270 
0.001417 0~276 
O.,')Ol410 3.289 
0.001452 01253 
0.101496 3,251 
C.001587 01253 
C.001441 0~240 
0.001414 0;266 
0.00151t Oh205 
0.001460 0~230 
0.001513 0.197 
0.001495 @A221 
0.001471 0.221 
3.001523 0.190 
0.001409 01195 

01369 0.929 0.0064 
3.379 0.938 0.0064 

0.717 
0.700 

0.959 0.0064 8.671 
0.958 0.0065 0.682 
0.960 0.0065 0.655 

0. CO2650 
5.002565 
0. co2502 
0.032482 

1.616 
1.660 
1.636 
1.595 
1.569 
1.606 

0.976 0.0063 0.610 
0.986 0.0065 8.502 
0.956 0.0064 0.506 

11 
12 pz&-J . 

0.002330 
0.002238 
O.COi172 
0.002126 
O.CO~112 
0.002061 
0. CO2035 
0.002026 
O.CO1577 
0.001556 
J.OOlSE3 
0. co1944 
0.001957 
5.002123 
0.001098 
O.OGl927 
O.CO19C8 
LOU1907 
0.001004 
0.001518 
3.001090 
O.CO19OO 
O.COl849 

1671570.0 
1725930.0 
1767244.0 
1795239.0 
1823235.3 
ltZS1366.0 
1879497.0 
19c7493.0 
1935488.0 
1563403.0 
1991479.0 
2019474.U 
2047470.0 
2075601 .O 
2.103732.0 
2131728.0 
2159723.0 
2107710.0 
2215714.0 
2243710.0 
2271705.0 
2299836.0 
2327967.0 
2355963.0 
2303950.0 
2411953.0 

0.0060 
0.0061 

13 0.957 
0.977 
0.947 
0.927 
0.914 
0.915 
0.900 
0.897 
0.097 
0.081 
0.078 
0.095 
0.883 
0.912 
0.976 
0.077 
0.895 
0.092 
0.896 
0.090 
0.910 
0.901 
0.910 
0.099 

0.522 
1.607 
0.631 
0.647 
0.669 
8.674 
0.675 
1.696 
a.680 
1.709 
6.699 
8.699 
8.723 

P 

: 
14 
15 
lb 
17 
10 
19 
25 
21 
22 
23 
;4 
L5 
20 0.740 

0.797 27 
23 
29 

E). 727 
@.7l6 
D.771 
0.749 
8.775 
@.76B 

35 
?l 
32 
23 
34 
35 
36 

0.759 
a.709 
I.774 

STdNTLFi NUCBEG ?ATIIo 04SEC OY ST~PR**0.4=O.0295+REX++~-.2~*11.-~XI/~X-XVOJ1**0.91~I-1./9.~ 
.,. 

ST4hTC$ hUt'RCfi RATIO FOR TH=l IS CENVERTED TO COMPARABLE TPANSPIRATION VALUE 
1SIhC ALOGIl + 0)/B EXPRESSICN IN IHE BLOWh SECtIOh 



RUN 090374 +t* 

TACB= 26.08 DEG C 
RHO= 1.167 KG/H3 
CP= 1015. J/KGK 

*** 2700StEP 33 

PLATE X RE X 

OISCRETE HOLE R 1c *** NAS-3-14336 STANTON NUMBER DATA 

UINF= 1t.07 n/s 
V.ISC= O.l5649f-04 WZ/S 
PR= 04717 

H10.3 n-i=0 P/D*5 *** 

TO 
1 127.8 0.11341E 07 z7.51 
2 132.8 0.11908E 07 37.56 
3 137.9 0.1245&E 07 27.54 
4 143.0 0.13003E 07 31.54 
5 14A.l 3.1355LE 07 37.54 
6 
7 
a 
9 

10 

;: 
13 
14 

153.2 0.14098E 07 37.56 
158.2 3.14646E 07 ?7.56 
163.3 0.15184E 07 37.58 
168.4 0.15741E 07 37.58 
173.5 0.16289E 07 37.58 
178.6 0.16836E 07 37.58 
183.6 0.17384E 07 37.58 
187.5 0.178OOE 07 26.59 
190 .l 0.18082E 07 36. SO 

15 192.7 0.18364E 07 37.22 Ob23417E 04 
16 195.4 0.18647E 07 27.26 C124C34F 04 
17 
18 
1s 

if 
22 
23 

2’5’ 
26 
27 
28 
25 
30 
31 
32 
32 
34 
35 
3t 

198.0 0.18930E 07 37.31 
200.6 0.19212E 07 37.31 
203.2 0.19494E 0 7 27.33 
205.8 0.19736E 07 27.43 
208.5 0.20058E 07 37.37 
211.1 0.2034OE 07 37.47 
213.7 0.20622F 07 37.39 
216.3 0.20985E 07 37.51 
218.9 0.21189E .07 37.45 
221.6 0.21471E 07 37.33 
224.2 0.21753E 07 36.27 
226.6 0.22035E 07 37.37 
225.4 3.22317E 07 37.28 
232.0 0.22589E 07 27.66 
234.6 0.2288lE 07 a7.t2 
237.3 0.23164E 07 17. El 
239.9 0.23447E 07 37.47 
242.5 0.23729E 07 37.22 
245.1 0.24011E 07 2 7.41 
247.8 0.24293E 07 27.16 

PEENTH 
01997CSE 02 
X)A28704E OE 
Gi47214E 03 
Qi66340E 03 
01848@8E 03 
0~10308E 04 
Qi12CS7E 04 
0113889E 04 
0115673E 04 
OAl7425E 04 
Or19132E 04 
Ob20815E 04 
Ob22130E 04 
0122782E 04 

0 i24t3 EE 04 
0125231E 04 
0~2580SE 04 
0126375E 04 
032694OE 04 
CL27496E 04 
0128042E 04 
.U ~28586E 04 
0~29 130E 04 
Oi29671E 04 
C:30215E 04 
0130759E 04 
0431256E 04 
0131835E 04 
OA32373E 04 
Or32SOBE 04 
0133441E 04 
0133974E 04 
0134509E 04 
Oh35041E 04 

TINF 25.95 DEG C 
xvc- 22.4 CM 

STAhTCN NO OS T OREEN 
0.36423E-02 0.755E-04 2. 
0.32007E-02 0.714E-04 6. 
0.2S776E-C2 0.696E-04 13. 
0,2866b5-02 0.690E-04 16. 
0.27846E-02 0.684E-04 19. 
0.27331E-02 O.b79E-04 22. 
0.2ca37F-c2 0.675E-04 24. 
0126049E-02 0.669E-04 26. 
5.25524E-02 0.665E-04 28. 
0.25670E-02 0.666E-04 29. 
3.25053E-b2 0.662E-04 31. 
0.2376@E-02 0.653E-04 33. 
0.233556-02 0.821E-04 33. 
0.22806E-02 0.833E-04 33. 
0.221E6?-02 0.822E-04 33. 
0.21553E-02 0.790E-04 34. 
0.21224E-02 0.782E-04 34. 
0.2C817E-02 0.768 E-04 34. 
0.200@7E-02 0.737E-04 34. 
O-20042+02 0.740E-04 34. 
O.l5963E-02 0.731E-04 34. 
O.lS435E-02 0.730E-04 34. 
O.l925dE-02 0.713E-04 34. 
O.lS304E-02 0.729E-04 34. 
0,15222E-02 0.72 lE-04 34. 
0.190 7 ZE-02 0.752E-04 34. 
O.lS522E-02 0.683E-04 34. 
O.l9003E-02 0.758E-04 34. 
O.l9066E-02 0.697E-04 34. 
O.lSO@3E-02 0.730E-04 34. 
0.19024E02 0.713E-04 34. 
O.lE8@7E-02 0.709E-04 34. 
O.lE8f5E-02 0.713E-04 34. 
O.lt856E-C2 0.691 E-04 34. 
O.l9042E-02 0.737E-04 34. 
O.lE632E-02 0.792E-04 34. 

UhCERTAINTY IN F=O-05036 IN RATIO 

H F T2 THETA DTi 

0.29 0.0093 26&31 0.031 0.027 
0.29 0.0094 26bb5 0.060 0.026 
0.29 0.0095 26A64 0.059 0.026 
0.29 0.0095 26i64 0.060 0.026 
0.29 0.0093 26A65 0.060 0.026 
0.29 0.0093 26174 0.068 0.026 
0.29 0.0094 26179 0.072 0.026 
0.29 0.0095 26174 0.067 0.026 
0.29 0.0093 26b68 0.062 0.026 
0.29 0.0093 26474 0.068 0.026 
0.29 0.0093 26&71 0.065 0.026 

UNCERTAINTY IN REX-2737b. 



RUN 090474 *** 01% RETE HOLE R 1 F *** NAS-3- 14336 STANTON NUMBER DATA 

TACB= 26.90 DEE C UINF= le.84 M/S 
FHO= 1.160 KG/M3 VISC= O.l5753E-04 PZ/S 
CP= 1017. J/KGK PR= CIA718 

a** 270aSTEP33 M=O. 3 M=l P/O=5 +** 

PLATE 127:8 1 
2 132.8 
3 137.9 
4 143.0 
5 148.1 
6 153.2 
7 158.2 
8 163.3 
s 168.4 

10 173.5 
11 178.6 
12 183.6 
13 187.5 

P \2: 15 14 192.7 193.1 

1t 155.4 
17 198.0 
le 200.6 
19 203.2 
PO 205.8 
21 20a.5 
L2 211.1 
23 i13.‘7 
24 216.3 
7c 5: 221.6 218.9 

27 224.2 
23 226.8 
29 229.4 
33 232.0 
31 234.6 
32 237.3 
33 239.9 

REX 
0.11273E 07 
0.11814: 07 
a.12357E 07 
0.129OOE 07 
3.13443E 07 
0.13986E 07 
9.14529E 07 
0.15073E 07 
0.15616E 07 
0.16159E 07 
0.16732E 07 
0.17245E 07 
0.17658E 07 
3.17938E 07 
a.la217E u7 
3.1849dE 37 
O.ltc78aE 07 
o.l9059t: 07 
3.19339E 07 
0.1961SE 07 
0.19898E 57 
0.23178E a7 
3.2045EE 57 
0.20739E 07 
G. 2102% 17 
0.213tiCE 07 
0.21580E 07 
0.21859E 07 
0.22139E 07 
0.22419E 07 
0.22698E 07 
3.22979E 07 
a.23261E 07 

451 
43.09 
43. c4 
43.03 
43. c5 
43.07 
43.c7 
43.05 
43. c3 
43.07 
43.07 
43.c7 
42.61 
42.42 
42.73 
r2.73 
42.73 
42.67 
42.t3 
42.75 
42.73 
42.73 
42.71 
42.E6 
42.7t 
42.59 
41.61 
42. t3 
42.58 
rz..se 
42.80 
42.65 
42 .A3 

34 242.5 0.2354ilE 37 42.57 
35 245.1 0.2382aE U7 42.54 
36 247.8 0.24103E 37 42.20 

REENT b 
0 A94222E c2 
0.26 167E 03 
Cd92573E 03 
0 r14073E 04 
0~19786E 04 
0~25502E 04 
0&31368E 04 
0136811E 04 
0142181E 04 
01472EiE 04 
015267aE 04 
0~57848E 04 
0163117E 04 
0 66350SE 04 
0~63908E 04 
OA6430EE 04 
0 ~647 10E 04 
0165111E 04 
01655CSE 04 
0;659UbE a4 
C.66302E 04 
0:66699E 04 
C.67094E 04 
0;67486E 04 
0 167880E 04 
0 r6827eE 04 
Ot68671E 04 
C r69Ct4E 04 
016946OE 04 
0:69661E 04 
0 b7026 8E 04 
0 h73678F 04 
OJ71093E 04 
0 17l5C4E 04 
0171917E 04 
0 J72338F: 04 

TINF= 26.78 DEG C 
xvo= 22.4 Ct+ 

STAhTCN NO CST 
0.34694E-02 0.545E-04 
0.26563E-02 0.406 E-04 
0.21395E-02 0.465 E-04 
O.l8765E-02 0.454E-04 
0,17874E-02 0.450E-04 
O.l6701E-02 0.444E-04 
O.lC152E-02 0.442+04 
O.l5653E-02 0.441E-04 
O.l4709E-02 0.438E-04 
O.l4365E-02 0.435E-04 
O.l3962E-02 0.434E-04 
O-13624+C2 0.433E-04 
O.l3734E-02 0.4936-04 
O.l4227E-02 0.521E-04 
O.l4254E-02 
O.l4326E-02 
O.l4358E-02 
O.l4332E-02 
O.l409tE-02 
O.l4227E-02 
O.l4057E-C2 
0.14255F02 
3.13079E-02 
O.l4019E-02 
3.141085-02 
O-14294"-02 
0.13778G02 
O.l4325E-02 
O.l3955E-C2 
O.l463tE-02 
O.l4453E-02 
3.14821E-02 

0.532E-04 
0.526E-04 
0.529E-04 
0.528E-04 
0.513E-C4 
0.522E-04 
0.516 E-04 
0.5275-04 
0.5t4F-04 
0.528E-04 
0.524+a4 
0.553E-04 
3.474E-04 
0.560E-04 
0.506 E-04 
0.549E-04 
0.538E-04 
0.542 E-04 

0.148326-02 0.550E-04 
3.14509E-02 0.522t=-a4 
O.l5014E-02 0.571E-04 
O.l5348E-02 5.624E-04 

OREEN 
2, 

12. 
21. 
28. 
34. 
39. 
43. 
46. 
49. 
52. 
55. 
58. 
59. 
59. 
59. 
60. 

2 
60. 
60. 
60. 
60. 
60. 
60. 
63. 
60. 
60. 
60. 
60. 
60. 
60. 
60. 
60. 
60. 
60. 
60. 

M F T2 THETA LIT-i 

0.28 0.0090 41)14 0.881 
0.29 0.0093 42dO6 0.937 
0.28 0.0092 42420 0.949 
0.29 0.0095 4lr88 0.928 
0.31 0.0100 41~72 0.917 
0.29 0.0093 41459 0.909 
0.27 0.0087 42146 0.964 
0.27 0.0087 41 A70 0.918 
0.30 0.0097 41~00 0.873 
0.29 0.0094 40190 0.867 
0.31 0.0100 40484 0.863 

0.019 
0.019 
0.019 
0.019 
0.019 
0.019 
0.019 
0.019 
0.019 
0.019 
0.019 

UNCERTAINTY I”J REX=27158. UNCERTAINTY IN F=O.O5036 IFI RATIO 



RUN 090374 +CC DISCRETE HCLE RI6 *** NAS-3-14336 STANTON NUYBE? DATA 

*t* 270OSTEP30 H-0.3 TH=C P/O=5 *** 

RUN 090474 *W DISCRETE HOLE RIE *** NAS-3-14336 ST ANfON NUMRER DATA 

*** 2700STEP30 bO.3 lH=,l P/C=5 *** 

LINEAR SUPERPOSIT30N 1.S APPLIEO TO STANTCN NUMBER CATA -FROM 
RUN NUMBERS 090374 AND P90474 TO OBTAIN STANTCN NUMBER DATA AT TH=O AND TH=l 

PLATE REXCOL 

1 1136091.0 
2 1190843.0 
3 1245594.0 
4 1300345.0 
5 1355097.0 
6 1409848.0 
7 1464600.0 
8 1519351.0 
9 1574102.0 

10 1628854.0 
11 1683605.0 
12 1738357.0 
13 1779568.0 
14 1808165.0 
15 1836362.0 
16 lE64695.0 
17 1893029.0 
18 1921226.0 
19 1949423.0 
20 1977620.0 
21 2005817.0 
22 2034014.0 
23 2062211.0 
24 2090545.0 
25 211887s. 0 
26 2147C76.0 
27 2175273.0 
28 2203470.0 
29 2231667.0 
30 2259 864.0 
31 228806 1.0 
32 2316394.0 
33 2344728.0 
34 2372925.0 
35 2401122.0 
36 -2429315.0 

RE DEL2 ST(TH=01 RE XHOT RE CELP ST(TH=l) ETA STCR F-COL SlHR F-HOT L3GB 

0.990 0.0000 
0.938 0.0090 
0.779 0.0093 
0.718 0.0092 
0.702 0.0095 
0.661 0.0 100 
0.646 0.0093 
0.651 0.0087 
0.622 0.0087 
0.585 0.3097 
0.558 0.0094 

0.990 
2.167 
2.063 
2.014 
2.067 

94.7 
28X.5 
458.4 
621.5 
779.9 
534.8 

1087.3 
1236.6 
1382.4 
1527.4 
1671.1 
1809.5 
1911.0 
1978.3 
2043.8 
2107.3 
2169.3 
2230.2 
2289.4 
2347.5 
2405.3 
2462.2 
2518.1 
2573.7 
2629.3 
2684.6 
2740.3 
2795.9 
2850.8 
2905.7 
2960.6 
3015.1 
3069.4 
3123.7 
3178.1 
3232.2 

0.003642 
0.*003219 
0.003022 
O.CO2934 
0.002852 
0. CO2807 
OwCO2764 
0. CO2689 
0.:002639 
O.CO2655 
0.002595 

1127044.0 94.2 G.003469 
1181359.0 250.7 0.002625 
1235675.0 878.2 0.002051 
1289990.0 14E7.4 0.001812 
1344305.0 2080.6 a.001717 
1398621.0 2684.8 0.00 1575 
1452936.0 3310.8 0.001506 
1507252.0 3895.7 0.001485 
1561567.0 4445.6 0.001398 
1615882.0 4988.9 0.001294 
1670198.0 5585.4 0.001217 
1724513.0 6161.7 a.001191 
1765793.0 t756.2 0.001211 
1793765.0 6791.1 0.001278 

uuuuu 1.040 0.0000 
0.184 0.847 0.0093 
OA322 
01382 
0 ~398 
0.439 
0,455 
01446 
O&470 
01513 
Ob531 
01516 
oi499 
0 A457 

0.890 
0.930 
0.956 
0.983 
1.005 
1.008 
1.017 
1.049 
1.047 
1.013 
1.008 
0.991 
0.971 
0.949 
0.941 
0.929 
0.902 
0.906 

0.0094 
0.0095 
0.0095 
0.0093 
0.0093 
0.0094 
0.0095 
0.0093 
0.0093 
0.0093 

2.102 
2.321 
1.976 
1.952 
2.052 
1.990 

O..OO 2461 

0.902 180 

0.002416 
0.002352 
0.002285 
0.x)022 15 

0.553 
0.568 
0.603 
0.613 
0.625 
0.633 
0.638 
0.634 
0.645 
0.639 
0.658 
0.647 

0.0100 2.078 

1821738.0 
.1849846.0 
1877954.0 

6827.1 
6863.5 
6900.3 
6937.3 
6974.2 
7011.1 
7347.9 
7084.9 

0.001291 Ob435 
D.00131r 01408 
0.001320 oi394 
0.001324 01380 
0.001308 01364 
C.001324 01355 

G.002136. 
0..002059 

1905926.0 
1933899.0 
1961871.0 
1.989844.0 
2417816.0 
2 045709.0 
2073897.0 
2102005.0 
2 129977.0 
2157950.0 
2185922.0 
2213895.0 
2241867.0 
2269840.0 
2257948.0 
2326056.0 
21354028.0 

'2382OOl.U 
2409973 .O 

0.002053 
0.002046 
0.001987 
0.001969 
0.001574 
0.001565 

0.001306 0 i362 0.909 
0.001338 Ob 326 0.889 

7122. c 0.001309 0 6335 0.887 
0.335 0.895 
0.326 5.896 
01307 0.893 

7158.7 0.001313 
7195.6 0.001325 

0.652 
0.660 
b.675 
0.644 
0.683 
0.664 
0.707 
0.699 
0.725 
0.728 
0.712 
0.743 
0.751 

0.~001947 
0.002000 
0.001939 

7239.1 0.00134s 
7269.5 0.001281 01360 3.923 
7306.e G.001354 0;302 0.900 

0.001949 
0.001945 
0.001940 
0.001923 
0.001922 
0. CO1922 
0.001938 
O..OO 1893 

7344.1 0.00130s 02328 0.909 
7381.t? 0.001389 0,286 0.913 
7420.4 0.001368 0.295 0.915 
7459.4 c.001413 01265 0.911 
7498.0 0.001415 0.264 0.916 
7538.1 0.001378 0 A203 0.929 
7577.4 0.001433 0~260 0.932 
7617.7 0.00 1444 01237 3.915 

STANTON NUMBER RATIO BASEC ON STCFR**0.4=0.0295*REX*+l- .2)*(1.-(X.X/(X-XVO))*W.91**1-1.19.) 

STANTOY NUMBER RATIO FOR M=l IS CENVERTEO TO CONPARABLE TRANSPIRATIJN VALJE 
USING ALCGtl + 8)/G EXPRESSICh Ih THE BLOWN SECTION 



FUh 093474-l *CT JISC RETE. HOLE RIG *** NAS-3- 1433t STAN 1ON NW PEfJ DATA 

TACB= 26.88 DEC c CIINF= 16.81 M/S 
RHC= 1.100 KG/'.!3 v ISC= 0.1575lE-04 v2/: 

. CP= 1,I.L-z . -J,/ KGk PU= C&716 

+.** 27COSTEWU 151=0.3 TH=1.25 F/D=5 *** 

FLATE X 

3 137.9 

K %X 

J.1234dt 

TO 
1 

37 

127.8 

43.56 

1.11263E 

4 

07 

143.0 

43.52 
2 

0.12891E 

132.9 

07 

0.11806E 

43.58 

07 43.54 

FEENTH 
3i93115E 02 
0.24816E 03 
0~92537E 03 
U116225E 04 

5 148.1 S.13434E 07 43.56 
6 153.2 0.13977E 07 43.56 

1 7 158.2 0.14519E 07 43.56 

i 1'0 8 173.5 163.3 168.4 0.15062E D.156USE 0.16148E 07 I37 07 43.56 43.56 43.58 

i 12 11 183.6 178.6 0.17233E 0.16a91E 07 07 43.58 43.56 
13 ld7.5 U.17646E 07 43.35 

P 14 190.1 U.17525E 07 43.12 
w P 15 192.7 0.18205E 07 43.35 

1t 195.4 3.18486E 37 43.33 
17 198.0 0.18767E 07 43.51 

I 18 203.6 0.1904X 37 43.28 
1'3 203.2 0.19326E 07 43.22 

j 20 205.e 0.19605E 07 43.21 
21 208.5 0.1988% 07 43.31 
22 211.1 0.2Ulb4E 07 43.20 
23 213.7 3.23444E 97 43.16 

STANTON NO 
0.33205E-02 
0.iE029E-02 
O.l;835E-02 
O.l4718E-02 
3.13638E-02 
O.li920E-02 
O.l1671E-02 
0.11297E-02 
O.l0424E-02 
0.10200E-02 
O-95258!+03 
O.S2813E-03 
O.l0193E-02 
O.f1118E-02 
O.l1349E-02 
O.l1577E-02 
O.l1836E-02 
O.L1833E-02 
O.l1855E-02 
O.l2048E-02 
O.l1777E-02 
O.l2246E-02 

24 216.3 0.20725E 07 43.35 
25 218.9 0.2100bE 07 43.22 
26 221.6 0.21285E 07 43.03 
27 224.2 0.21565E 07 k2.i5 
28 226.8 0.21844E 07 43.14 
25 229.4 0.22L24E 07 43.G3 
30 232.0 0.22403E 07 43.22 
31 234.6 0.22683E 07 43.26 
32 237.3 0.22944E 07 42.95 
33 239.9 0.23245E 07 42.57 
34 242.5 0.23524E 07 42.73 
35 245.1 0.23804E 07 42.E6 
36 247.8 0.24083E 07 42.59 

0&?3082k 04 
0 J29535E c4 
0 r36646E 04 
0~42797E 04 
OJ49262F 04 
0 L55424E 04 
0 ib 1993E 04 
0&68119E 04 
0 A74403E 04 
0~74701E 04 
0.75016E 04 
0175337E 04 
9 175664E 04 
0475996E 04 
0.76327E 04 
0 r76661E 04 
Oi76995E 04 
0177331E 04 
0177672E 04 
0178009E 04 
0 r78350E 04 
0~78700E 04 
Oi79042E 04 
0179384E 04 
ai79732E 04 
CLB0091E 04 
0,80457E 04 
0180825E 04 
C 181198E 04 
0181567E 04 
0181941E 04 
Oi82322E C4 

O.l2147E-02 
O.l1947E-02 

O.l3296E-02 

O.l2368E-02 
O.l2627E-02 
O.l1854E-02 

O.l2862E-02 

0.1256lE-02 

U.l3422E-02 

0.12340E-G2 

O.l3226E-02 
O.l3139E-02 
3.13651E-02 
O.l3533E-02 

DST 
0.523 E-04 

0.501E-04 

0.473E-04 
0.436E-04 

0.490E-04 

0.424E-04 
0.4 20 E-Q4 

0.495E-04 

0.418E-04 
0.414E-04 

0.500E-04 

0.413E-04 
0.411 E-04 

0.480E-04 

0.409E-04 

0.524E-04 

0.4’)8E-04 
0.408 E-04 
0.392E-04 

0.56bE-04 

0.426E-04 
0.439E-04 
0.440E-04 
0.449E-04 
0.450 E-04 
0.442 E-04 
0.452E-04 
0.447E-04 
0.46lE-04 
0.454 E-04 
0.466E-04 
0.468E-04 
0.492E-04 
0.422E-04 
0.500E-04 
0.457E-04 

UNCERTAINTY IN R.EX=2 713 5. UNCERTAINTY IN F=ALO5037 IN pbTI0 

TINF=- 26.76 OEr, C 
xvc= 22.4 CM 

. 

DQEEN 
1. 

15. 
27. 
35. 
42. 
48. 
52. 
57. 
61. 
64. 
68. 
71. 
73. 
73. 
73. 
73. 

77;: 
73. 
73. 
73. 
73. 
73. 
73. 
73. 
73. 
73. 

E: 
73. 
73. 
73. 
73. 
73. 
73. 
73. 

M  F T2 ~HE?A DTH 

0.26 0.0084 47.46 1.234 0.020 
0.27 0.0087 48r39 1.288 0.020 
0.27 0.0086 48163 1.300 0.020 
0.27 0.0089 48Jl.7 1.275 0.020 
0.27 0.0088 48i12 1.271 0.020 
0.25 0.0081 47A84 1.255 0.020 
0.25 0.0081 49L21 1.336 0.020 
Or25 0.0082 48iO3 1.266 0.020 
0.28 0.0091 47A23 1.217 0.019 
0.27 0.0086 47AO3 1.205 0.019 
0.28 0.0090 45493 1.200 0.019 



RUN C80174-1 *:(r* DISCRETE HCLE RIG *** NAS-3-14336 STANTCN NU’lBER DATA 

?ADB= 25.96 DEG C 
RHC= 1.176 KG/M3 
CP= 10 14. J/ KGK 

*** 2700STE P40 

PLATE X RE x 

U INF= 16.87 M/S 
VISC= 0.1:!39E-04 Y2/5 
P R= O&716 

M=0.4 ?H=O P/D=5 St4 4 

T INF= 25.E3 DEG C 
xvc= 22.4 CM 

TO RFEYTH 
0,993llE 02 
0128488E 03 
Oa46447E 03 
O;b5318E 33 
018309bE 03 
0;10028k 04 
CAll742E 04 
0113511t 04 
0~15257E 04 
OAlbS7bE 04 
ildl866bE 34 
Ob20335E 04 
Cb21639E 04 
Ob22298E 04 
0~22931E 04 
0323548E 04 
0~24151E 04 
Oa24743E 04 
Ob25323E 04 
0625892E 04 
Ob24453E 04 
Oa27002E 04 
0 b27539E 04 
Oi.28071F 04 
C.286075 04 
C b29142k 04 
0 h296S5E 04 
Ob30237E 04 
063374% 04 
0.312btE 04 
0.31783E 04 
Oe32296E 04 
0.32811E 04 
0~33323E 04 
C.33836E 04 
C134343E 04 

S’TAFTCN NO 
O.?t022E-02 
0.3 12 865-02 
0.25735E-02 
0.2&453E-02 
0.27331E-02 
0*2t998E-02 
O.?tfOSE-02 
0.26193s02 
0,25694E-02 
0,25639E-02 
3.25255E-02 
0.239O@E-02 
0.2381 IE-02 
O. 2i544E-02 
0*21989E-02 
0.. i 143 5s 02 
0,2C975E-02 
0.2Cb7\7E-02 
0,2CO@8E-02 
0*15945E-02 
0.15567+02 
O.l935tE-02 
O.lE6@OE-02 
'J.le785E-02 
O.lE9C5E-02 
0. ie730+02 
0.2cle2E-Cz 
O.l7923E-02 
0.18399E-32 
O.lE253E-02 
3.1E173E-02 
O.l7999E-02 
O.lt?OE7E-02 
O.l7971E-C2 
O.l8070E-02 
0.176325-02 

0.7 13E-04 
0.677E-04 

CST 

0.667E-04 
3.657E-04 
0.649E-04 
0.647E-04 
0.64bE-04 
O.b42E-04 
0.636E-04 
0.63bE-04 
0.633E-04 
O.b22E-04 
0.820E-04 
00 818F-04 
0.838&04 
0.780E-04 
0.768 E-04 
0.757E-04 
0.729E-04 
0.73OE-04 
0.7135-04 
3.713E-04 
O.b88E-04 
L’.736E-04 
O,b97E-04 
0.707E-04 
0.7 25 E-04 
O.,b85E-04 
0 0658 E-04 
0.693E-04 
0.677 E-04 
O.b73F-04 
0.68OE-04 
0.654E-04 
0.6?9E-04 
0.749 E-04 

DREEN 

1,‘: 
17. 
21. 
25. 
28. 
31. 
34. 
37. 
39, 
41. 
43 0 
44. 
44. 
44. 

2: 
44. 
44. 
44. 
44. 
44. 
44. 
44. 
44. 
44. 
44. 
44. 
44. 
44. 
44. 
44. 
440 
440 
44. 
45 . 

M f T2 THETA DTq 

0.42 0.0135 2bAO2 0.015 0.026 
0.40 0.0129 26.31 0.040 0.025 
3.41 0.0133 26323 0.033 3.025 
0.40 0.0129 2ba21 0.031 0.025 
0.40 0.0131 26&23 0.032 0.025 
0.40 0.0129 2bA36 0.044 0.025 
0.41 0.0132 26636 0.043 
0.40 0.0130 26635 00042 

0.025 
0.025 

0.40 0.0129 26.32 0.040 0.025 
0.40 0.0129 2bh37 0.044 0.025 
0.39 0.0128 2bb36 0.043 0.025 

s 
14 

N 15 
16 
17 
18 
1s 
ZC 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
3? 
34 

127.8 
132.8 
137.9 
143.0 
148.1 
153.2 
158.2 
163.3 
168.4 
173.5 
178.6 
lb3.6 
187.5 
190.1 
19207 
195.4 
198.0 
200.6 
203.2 
205.8 
208.5 
211.1 
213.7 
216.3 
218.9 
221.6 
224.2 
226.8 
229.4 
232.0 
234.6 
237.3 
239-g 
242.5 

0.11441E 07 
3.11993E 07 
0.12544E 07 
0.13095E 07 
0.13647E 07 
0.14198E 07 
0.14750E 07 
0.15301E 07 
0.15852E 07 
0.16404E 07 
O.lb955E 07 
0.17507E 07 
0.17926E 07 
0.182lOE 0 7 
Oe18494E 0 7 
0.18779E 07 
0.19064E 07 
0.19348E 07 
0.19632E 07 
0.1991&E 07 
0.2o20’OE 0 7 
0.20484E 3 7 
0.207'68E 07 
0.21053E 07 
0.21339E 07 
0.21623E 07 
1>.21907E 37 
0.2214lE 07 
0.22475E 07 
0.22758E 07 
0.23042E 07 
0.23328E 07 
0.23613E 07 
0.23897E 07 

38.CO 
37. FC 
37.92 
37.94 
37.94 
37.94 
37*52 
37.92 
370 5.8 
37. S6 
,170 58 
38-02 
37.24 
37.18 
37.52 
37.50 
37.64 
37.62 
37.60 

I . 

I. .’ 

;.,: 

37.71 
37.71 
37. El 
37.77 
37*90 
37. E3 
37.E7 
37.54 
37. es 
27. i5 
38.10 
?3.Gb 
27.96 
37.92 
37. t6 i 

35 245.1 0.24181E 07 37.87 
36 247.8 0.24465E 37 37.58 

UhCERTAINTY 114 REX=27569. UNCEPTPIYTY IY f=O.J5335 IN RATIO 



kdN 0130174-2 xri'* Cl1 SCRET 3 HCLE RlE *** NAS-3-14336 STANTCN NlIMBER DATA 

TACB= 27.38 DEG C UInlF= It.51 M/S 
RHO= 1.169 KG/M3 VISC= O.l566aE-04 HZ/S 
CP= 1015. J/KGK PR= 04716 

t** 27G,lSTEP4;r M=3.4 TH=l P/D=5 et*t 

PLATE X 
1 127.8 
- ; 137.9 132.8 

4 143.0 
5 148.1 
t 153.2 
7 158.2 
e 163.3 

1: 173.5 lbd.4 

11 178.6 
12 183.6 
13 lE7.5 

w w 14 193.1 
w 15 192.7 

1t 195.4 
17 148.0 
18 203.6 
19 203.2 
20 205-E 
21 208.5 
22 211.1 
23 i13.7 
24 216.3 
25 218.9 
26 221.6 
27 224.2 
28 226.8 
29 229.4 
30 232.0 

crx 
0.1131OE 07 
O.llE55E 07 
O.lZ4USE 07 
d.lL945E 07 
3.1349JE 57 
U.l/4035E 07 
3.1458&z 07 
0.15125E 07 
0.15t73E 07 
0.16215E 07 
0.167bSE 07 
0.17305c 07 
0.17719E 07 
0.18O.OJE 07 
0.182alE 07 
0.18563E 37 
0.18845E 07 
J. 1912tE 37 
3.19486E 07 
O.lS687E 07 
0.1996&z 07 
0.20248E 07 
3.2552% 07 
0.20811E 07 
O.il043E 07 
0.21374E 07 
0.21t53E 57 
U.21935E 07 
0.222162 07 
0.22497E 07 

TC 
43.52 
43.t2 
43.!t 
43.58 
43.58 
43.58 
43. to 
43.to 
43.5a 
43.56 
43.54 
43.54 
4L.S5 
42.78 
43.c5 
43.05 
43.05 
43.03 
43.Cl 
43.12 
43.CS 
43.0s 
43.c7 
43.10 
43.11 
43.03 
42..?2 
43.0s 
42.54 
43.18 

31 234.6 G.22717E 07 43.18 
32 237.3 G.23059E i)7 42.5s 
33 239.9 0.23341E 07 42.55 
34 242.5 J.23622E 57 42.73 
35 245.1 0.23903E 07 42.86 
3C 247.8 9.24184E 07 42.56 

LNCERTAINTY IN REX=27252. 

F2iNTh 
C.a9313E 02 
0;?5illE 02 
Cb9R511E 03 
0.17150E 04 
i).24704E 04 
C.31782E 04 
0138931E 04 
0.4jE46E 04 
C.52817E 04 
0 h59519F 04 
0.65787E 34 
0171181E 04 
Oi77993E 04 
Ci79341E 04 
0~78692E 04 
Cii9043E 04 
0.79393E 04 
0179741E d4 
0.80084E 04 
0180424E 04 
C.83763E 04 
O.allOZE 04 
Obd1437E C4 
Oi8177OF 04 
CAa2105E 04 
0 &a244tF 04 
C dY28J3E 04 
a.83152S 04 
c.a3483E 04 
C.a3822E 04 
CA84168t: 04 
Oi8451CE 04 
Oi84867E 04 
018521tt 04 
Oi85568E 04 
i)i85922E 04 

TINF= 27.26 3kG C 
xvc= 22.4 CP 

ST4\TCN ho 
O.!i773?-02 
O.it9t3F-02 
3.2203EE-02 
U.lk'070E-02 
O.lt427E-02 
O.l52i7E-02 
3.14659E-02 
O.l44E4F-02 
D.138122-02 
O.l3541E-GZ 
3.13125E-02 
O.l27E4E-CZ 
0.12314E-02 
O.l2471E-t2 
0.124StE-02 
0.12456E-02 
O.l244SE-02 
3,12323E-92 
O.lilZlE-02 
0.12066E-32 
O.l206li-c2 
O.l2038E-02 
il.l180ZE-02 
0*119ili-02 
0.11939E-02 
O.l2354E-02 
3.13943E-02 
D.l1748ii-02 
3.11810E-02 
0.12367!-02 
0.12255'-02 
O-12455+02 
O.l254CE-02 
O.l2330E-02 
O.l2718E-02 
3.1247tE-02 

DST DRE EN 
0.532E-C4 2. 
0.4935~04 17. 
il.ftbi’E-34 29. 
0.44ak-04 38. 
3.441E-04 45. 
0.436F-C4 51. 
,3.433E-04 57. 
0.433E-04 61. 
0.431%J4 66. 
0.430E-C4 69. 
C1.429E-L\4 73. 
0.42aE-04 76. 
0.446E-04 77. 
3.471E-04 77. 
0.479E-04 77. 
0.471E-04 77. 
0.471E-04 77. 
3.468F04 77. 
0.454E-04 77. 
@.457E-04 77. 
0.455E-04 77. 
0.461E-04 77. 
0.450'-04 77. 
0.464E-04 77. 
0.458E-04 77. 
0.474E-C4 77. 
3.483E-04 77. 
0.462+04 77. 
0.442E-04 77. 
0.479E-04 77. 
0.472E-04 77. 
0.473E-04 77. 
0.480E-04 71. 
0.459E-04 77. 
0.501E-04 77. 
0.540E-04 77. 

UNCERTAVNTV IN F=Q.O5036 IN RATIO 

c F T2 THETA DTH 

7.38 0.0124 41A75 0.886 0.319 
0.37 0.0118 42t95 0.963 0.019 
0.37 0.0121 43Ab8 1.006 0.019 
0.37 0.0119 42.93 0.960 0.019 
0.38 0.0122 42r86 0.956 0.019 
9.37 0.0120 42450 0.933 0.019 
0.36 0.0118 43.07 0.968 0.019 
3.37 0.0118 42~32 0.923 0.019 
0.36 0.0117 41.41 0.868 0.019 
3.38 3.0123 41;05 0.847 3.019 
13.37 0.0119 40.52 0.814 0.018 



-- 

FUU Otld174-1 *L'L 3ISCK:TE hCLF RIG *-* NAc-3-1433t j '?AVTON ‘Jll*IP=? nlZT4 

*** 1 27IJOSTEP40 M =,c .4 tlJ=c **:* 
:- * P/D=5 . . 

RU.Y oad 174-2 +-* CISC;ltli t iCLE RIG *r* NAS-3-1433t STAllTON F.UYY!-P C4TL 

**t 270OSTFF41 w-c.4 ?H=l P/C=5 

LIhEAR SUPtiRPOSITIOtJ IS 4PPLIEO TC STAhiTC!N ZU~tEF CATA FFOM 
RlJN F;UW.ERS 080174-l AND C91)174-2 l’l OUTAIP. S!-ANTCC hl,MBEG r!TA 4T TH=O 4tJO TH=l 

ST{ TH=O b RFXHOT R!! DZL2 STlTH=li 

99.3 J.003602 11?09tZ.U 
285.1 0.503136 1185467.0 
454.2 C. CO2SS7 1239971.3 
616.3 o.co2aE5 12S4475.0 
772.2 3.CO2770 1348979.0 
S24.1 0.002740 1403484.0 

1074.7 O.CO2722 1457906.1 
1223.5 o.coit75 15124S2.0 
1369.7 0.002626 1566496.0 
1514.3 O.CO2623 1621500.0 

89.3 0.003277 
250.6 0.002640 

1057.3 0.002139 
18OEl.S c.cc179c 
2559.3 O.J31623 
3290.8 0.001475 

ETA tTCi t-2 CL 

UUUUJ 1.028 u. oouo 
0.158 0.82< 0.0135 
0.286 3.883 0.0129 
0.383 0.915 0.0133 
I.414 0.929 :) .3 129 
0.462 a.940 0.0131 

S‘i? ~-HOT 

0.036 0.3000 
0.543 3.312+ 

LlG3 

0.936 
2.543 
2.394 
2.334 
2.291 
2.293 
2.277 
2.284 
2.283 
2.231 
2.258 
2.193 

fLATE PEXCOL 

1 1144127.0 
2 1199266.0 
3 1254405.3 
4 1309544.0 
5 1364t82.5 
6 1419821.0 
7 1474SbC.O 
e 1530098.3 
9 1585237.0 

13 1640376.0 
11 1695514.0 
12 175Jt53.J 
13 1792559.0 

RE DEL2 

0.812 0.0 ila 
8.709 0.0121 
0.663 U.0119 
0.619 0.5122 
a.597 J. 0123 t:,‘::: (?z%q 

5417.4 G.001309 

01489 
0.433 
oi531 
0.540 
0.575 
0.576 
0.590 

S.OR9 0.3129 
1.004 0.0132 
1.012 0.0130 
1.036 0.0129 
1.045 0.0129 
1.010 0. ooze 
1.021 
0.973 
0.957 
3.943 
0.927 
0.921 
0.900 
0.900 
0.889 
0.871 
0459 
0.869 
3.880 
0.076 
0.952 
0.848 
0.861 
0.072 
0.073 
0.868 
0.877 
0.876 
0.884 
0.066 

0.605 0.3118 
0.502 0.3118 
0.545 0.3117 e191.3 C.CO1206 

t892.4 c.001101 
7622.3 0.001039 
E314.1 C.OOO9f34 
e342.4 Cl.')01530 
E371.b O.OU1045 
8401.1 0.301352 
8430.8 0.001061 
E460.5 0.001052 
L4ES.S O.OUlO41 
f514.1 0.001037 
E548.3 0;001045 
E577.@ 0.001053 
8607.1 0.001032 
Eb36.3 C.001044 
ebb5.6 0.001544 

1899.3 O.CO2445 1771932.0 

0.504 0.0123 
0.482 0.011') 
0.461 
0.486 
0.496 
C-532 
8.509 
0.5il7 
0.504 
0.505 
0.511 
0.519 
0.510 
0.518 
0.520 
0.550 
0.570 
0.526 
8.530 
0.565 
0.561 
Q.577 
0.504 
0.574 
0.599 
0.591 

14 
15 
lb 

1820555.5 1966.9 >.co2310 leoou32.3 
lE49351.0 2031.8 0.002252 182eO72.0 
lE77885.0 2C95.0 5.002193 1856277.0 
1506420.0 2156.6 0.002145 1ea4403.0 
1934816.0 2217.2 0.002114 1912553.0 
1963213.0 2276.4 o.to2053 1940623.0 
1591609.0 2334.6 0.002038 1968692.0 
2020006.3 ~ 2392.0 O.GOlSS8 lSS6762.0 
2048402.0 2448.0 O.OOlS45 2024832.0 
2076799.0 2502.8 0.001906 2052902.0 
2105332.0 2557.1 0.001917 2081107.0 
2133867.0 2611.8 0.001929 2109313.0 
2162263.0 2666.3 o.Co19c8 2137383.0 
i190bb0.0 2122.7 0.002058 2165452.0 
2219056.0 2777.9 0.001827 2193522.0 
2247453.0 2830.1 0.001845 2221592.0 
2275049.0 2882.7 U.OOlE58 2249662.0 
2Zo4246.0 2935.5 O.CO1850 2277732.0 
2332700.0 2907.0 0.001El31 2305937.0 
2361314.0 3039.9 Q.QOl040 2334143.0 
23e9710.0 3052.1 0.001828 2362213.3 
2418107.0 3144.2 O.QO1837 2890282.0 
2446503.0 3195.8 0.001792 2418352.0 

0.554 
0.536 
0.520 
0.505 
0.532 
01493 
0.491 
0.477 
0.459 
0.459 
01455 
cl;459 
01425 
0.441 
0.430 
01433 
01403 
0.406 
0.385 
Ok383 
01392 
01370 
0 i366 

17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
21 
32 
33 
34 
35 
36 

Cb95.7 C.OOlOSe 
E727.3 0.331151 
f75e.l 0.001042 
8707.5 O.CNlQ46 
E817.8 0.001110 
ea48.e c.001098 
EE80.0 0.001126 
8931.8 0.001135 
e943.4 0.001112 
e975.2 0.001157 
9007.5 O.OQ1137 

StAWTffl NUMi3ER RATIO BASE0 ON ST*PW*Q.4=0.0295*REX**(-.2)+(1 .-(xI/(x-xvo))**o.9~**(-1./9.) 

STANf@i NUMBER RATIO FOR TH=l IS CENVERTED TO COMPARABLE TRANSPIRATION VALUE 
CSIbIG ALOGtl + 8)/B EXPRESSICN IN THE BLOYN SECT.ION 



- 

RUN 080574 +** DISCRETE HOLE RIG *** NAS-3-14336 STANTON NUMBER DATA 

fACE= 27.61 OEG C UINF= 17.12 H/S 
RHDt 1.168 KG/Y3 V ISC= 0.15699E-04 M2/S 
CP= 1015.. J/KGK PR= Oi716 

*** 27OOSTEP60, M=O.b TH=O P/D=5 *** 

T INF= 27.54 DEG C 
xvo= 22.4 CM 

PLATE x REX TO- REENTH STANTON NO DST 
1 127.8 0.11497E 07 39.39 01952 95E 02 0.34398E02 0.712E-04 
2 132.8 0.12051E 07 39.37 0127748E 03 0.31364E-02 0.689&04 
3 137.9 0.12605E 07 39.37 C :51479E 03 0.31420E-02 0.689E-04 
4 143.0 0.13159E 07 19.39 C1762OOE 03 0.3C325E-02 0.680E-04 
5 

7 158.2 

148.1 0.13713E 

0.14821E 07 

07 

39.41 

39.39 

8 163.3 0.153.75E 

6 

07 

153.2 

39.39 
9 

0.1426.7E 

168.4 

07 

0.15929E 

29.55 

07 39.39 
10 173.5 0.16484E 07 29.39 
11 178.6 0.1703BE 07 39.37 
12 183.6 0.175r92E 07 29.39 
13 187.5 0.18013E 07 18. E9 

P 14 190.1 0.1828&E 07 ,38.95 w u-l 15 152.7 0.18583E 07 39.25 
16 195.4 0.1887OE 07 39.37 
17 198.0 3.19157E 07 29.46 
18 200.6 0.19442E 07 39.48 
19 203.2 0.19728E 37 39.50 
20 205.8 0.20013E 07 39.62 
21 X8.5 0.202SEF 07 39. to 
22 211.1 0.20584E 07 C?9.6S 
23 213.7 0.2C869E 07 .?9c67 
24 216.3 O.illSCE 07 ?S.El 
25 218.9 0.21442E 07 35.79 
26 221.6 0.21728E 07 29. E2 
27 224.2 0.22013E 07 39.48 
28 226.8 J.22298E 07 19.52 
2s 229.4 0.22584E 07 39.73 
33 232.0 0.22Eb9E 07 4J. 11 
31 234.6 0.23155E 07 40.11 
32 237.3 0.23441E 07 33. S8 
33 239.9 0.23728E 07 39. S4 
34 242.5 0.24013E 07 29.71 
35 245.1 0.24259E 07 z9.52 
36 247.8 O.i4584E 07 3S.t5 

LMEPTAINTY~TN PsEX=277C3. 

OIl4655E 04 0.28003E-02 O.bblE-04 
Oi1712DE 04 O.t7594E-02 J.b59E-04 
0119611E 04 

0;10006E 04 

0.270E 7E-02 0.656%04 
0~22 142E 04 

0 -2895 @E-O2 

3.27237E-02 0.657E-04 

0.67OE-04 

0~2462 1E 04 0.2681EE-02 O.b55F-04 
OA2727bE 04 0.26299F02 O.b53E-04 
C12952SE 04 

0112291E 04 

0.2595OE-02 0.900E-04 
0130241E 04 

0.2EOb7E-02 0.663E-04 

0.23908E-02 0.866E-04 
0130918E 04 0.23442E-02 0.855E-04 
0131575E 04 0.22532E-02 0.816%04 
OJ32211E 04 3.21968E-02 5.799E-04 
0132832E 04 0.2150JE-02 0.782E04 
Ci33437E 04 0.2C806E-02 0.752E-04 
0~3402 8E 04 0.20593!!-02 0.750E-04 
01346 1OE 04 5.20161E-02 0.731E-04 
0135179E 04 O.lS665E-02 0.727E-04 
C ~35732E 04 O.lSO47E-02 O.b99E-04 
0.36277E 04 0.15103f-02 0.712E-04 
OL36818E 04 O.lf755E-02 0 .bSZE-04 
6.37354: 04 O.lMOl'-02 0.708E-04 
0;37909E 04 i).i0045E-02 0.715E-04 
u’.38450E 04 O.l7813E-02 O.b83E-04 
0.38958E 04 0.17755E-02 O.b43E-04 
Oi394tbE 04 3.17793E-02 0.676E-04 
013997OE 04 0.174F3E-02 O.b56E-04 
Oi+0468E 04 l.l7368E-02 O.b49E-04 
Oh4096 :E 04 O.l7321E-02 0.652E-04 
C r41455E 04 O.l7139E-02 O.b27E-04 
O&41 546E 04 O.l7174E-02 O.b67F-04 
0142429E 04 O.l6664E-02 0.711E-04 

UYCERPAINfY Ih F=O.iY5Y34 IPI RAT13 

DREEN 
2. 

14. 
24. 
31. 
36. 
41. 
45. 
49. 
53. 
56. 
60. 
63. 
64. 
64. 
64. 
64. 
64. 
64. 
64. 
64. 
64 . . 
64. 
64. 
64. 
64. 
64. 
64. 
64. 
64. 
64. 
65. 
65. 
65. 
65. 
65. 
65. 

M F T2 THETA DTH 

0.58 0.0189 28126 0.960 0.026 
0.58 0.0188 28i41 0.073 0.026 
0.57 0.0184 28~41 0.073 0.026 
0.56 0.0181 28L38 0.070 
0.58 0.0189 28A46 0.077 
0.59 0.0189 28A59 0.088 
0.58 0.0189 28ib5 0.093 
0.57 0.0186 28b72 0.100 
0.57 0.0185 28Jb8 0.096 
0.57 0.0186 28690 0.115 
3.57 0.0186 28J87 0.112 

0.02b. 
0.026 
0.026 
0.026 
0.026 
0.026 
0.026 
0.026 



RUN 0811761 **3 DISCRETE HCLE RIE *** NAS-3-14336 STANTDN NUMBER DATA 

TADB= 26.90 DEG C UINF= 13.05 M/S 
RHO= 1.167 KG/M3 VISC= 0.15669E-04 M2/S 
CP= 1015. J/KGK PR= 0.717 

*** 2700STEP60 M=O. 6 TH=l P/C*5 *** 

TINF= 26.77 DEG C 
x vo= 22.4 CM 

M F T2 THETA PLATE X REX TO 
40.70 
40.68 
40.68 
40.70 
40.70 
40.70 
40.72 
40.70 
40.70 
40.68 
40.68 
43.t8 
40.26 
40.24 
40.55 
40.58 
40. t4 
40.64 
40. t4 
40.77 
40.77 
40.81 
40.79 
40.53 
40.89 
40. es 

REENTH 
Os924blE 02 
0~2611eE 03 
OJ11936E 04 
OJ21262E 04 
0 b30887E 04 
0.40281E 04 
0 r49 838E 04 
0.59537E 04 
0 r69457E 04 
OL7889bE 04 
.O .87937E 04 
0 197D40E 04 
0;10579E 05 
0110620E 05 
OJlOb6OE 05 
OIlO698E 05 
0,10736E 05 
Oi10774E 05 
o~ioalok 05 
0.10846E 05 
oJlJ881E 35 
0~10915E 05 
oil 094aE 05 
0.10982E 05 
OJ11014E 05 
Oi11048E 05 
CIllO8lE 05 
0111114E 05 
0.1114bE 05 
0~11177E 05 
0;11209E 05 
OJ1124OE 05 
Oi11272E 05 
0111303E 05 
0.11335E 05 
OJ1136bE 05 

STANTON NO DST 
3.33445E-02 O.b09E-04 
0.275@bE-02 0.569E-04 
0.25335E-02 0.555 E-04 
0.21633E-02 0.533E-04 
O.l9505E-02 0.522f-04 
O.lEO43E-02 0.515E-04 
0.1756X-02 0.512E-04 

DREEN DTH 

0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0 -022 
0.022 
0.022 
0.022 

1 
2 
3 
4 
5 
6 
7 
a 
9 

10 
11 
12 
13 

P 14 w 
m 15 

11s 
18 
19 
20 
21 
22 
23 
24 
25 
26 

127.8 
132.8 
137.9 
143.0 
148.1 
153.2 
158.2 
163.3 
168.4 
173.5 
178.6 
183.6 
187.5 
190.1 
192.7 
195.4 
198.0 
200.6 
203.2 
205.8 
208.5 
211.1 
213.7 
216.3 
218.9 
221.6 

0.11473E 07 
0.12026E 07 
0.12579E 07 
0. 131~32E 07 
0.13684E 07 
D.14237E 07 
0.147ROE 07 
0.15343E 07 
0.1589bE 07 
0.16449E 07 
0.17002E 57 
,3.17555E 07 
0117975E 07 
0.182bOE 07 
0.18545E 07 
0.1883 If 07 
0.19117E 07 
0.19402E 07 
0.19686E 07 
0.19971E 137 
0.2325bE 37 
0.20541E 07 
0.2082 5E 37 
O.illllE 07 
0.2135BE 07 
0.21682E 07 

2:: 0.53 0.0173 38~23 0.824 
3.53 0.0171 38456 0.848 
0.53 0.0171 39&25 0.896 
0.52 0.0168 39J29 0.899 
0.52 0.0170 39J49 0.913 
0.53 0.0172 39&64 0.922 
3.53 0.0172 40LO2 0.951 
0.51 0.0166 39i80 0.935 
0.51 0.0164 39A36 0.905 
0.52 0.0168 39.22 0.895 
0.52 0.0169 38191 0.873 

39. 
51. 
61. 
70. 
78. 
a5. 
92. 
98. 

103. 
108. 
111. 
111. 

O.l6617E-02 0.5J8E-04 
O.l'815E-02 0.5d5E-04 
5.15156E-02 0.503E-04 
O.l4745E-02 0.501E-04 
O.l4402E-02 0.5OOE-04 
0.1447 3E-02 0.523E-04 
O.l3952E-02 @.534E-04 
O.l37biE-02 
O.l3485E-02 
0.131 e5E-02 
O.li957E-02 
O.l2602E-02 
O.l2438E-02 
O.l2089E-02 
O.l18Slf-02 
0.11629E-02 
O.l15ECE-02 
3.11534E-02 
O.l165CE-02 
O.l2120E-02 
O.llO@ZE-02 
O.l0917E-02 
O.l1172E-02 
0.11051E-02 
3.11301E-02 
O.l1097E-02 
0.1C909E-02 

0.530E-04 111. 
i).513E-04 111. 
0.50bE-04 
0*499E-04 
0.479E-04 
0.479E-04 
0.46bE-04 
0.469E-04 
0.456E-04 
0.466F-04 
i).45bE-04 
0.4bbE-04 
0.465E-04 
0.454E-04 
0.426E-04 
0.456E-04 
0.444E-04 
0.443 E-04 
0.446E-04 
O.427E-04 

111. 
111. 
111. 
111. 
111. 
111. 
111. 
111. 
111. 
111. 
111. 
111. 
111. 
111. 
111. 
111. 
111. 
111. 

27 224.2 0.21967E 07 40.t8 
28 226.8 0.22252E 07 40.58 
29 229.4 0.22537E 07 40.85 
30 232.5 O.22B21E 07 41.12 
31 234.6 0.23106E 07 41.10 
32 237.3 0.23392E 37 4il.98 
33 239.9 0.23678E 07 40.94 
34 242.5 0.23963E 07 40.76 
35 245.1 0.2424EE 07 40.89 
3t 247.8 0.245.33E 07 40.64 

O.l1050E-02 0.462E-04 111. 
O.l0664E-02 0.491E-04 111. 

UNCERTAINTY IN REX=27645. UNCERTAINTY Ih F=fl.O5034 IN RATIO 



RUN C80574 *t* DISCRETE HCLF RI6 l ** NAS-3-14236 CTANTON NlMBER DATA 

*** 2700STEPbO f'=C.b fH=O P/O=5 **cc 

RUN 08117&l *r+ 0IS:RETZ HCLF RIB l +* NAS-3-1433t STANTOP: NUMBER 04TA 

=** 27OOSTEP61 l'=O.6 TH=L P/O=5 **c 

LINEAR SUPERPCSITICN IS APPLIEC TU STANTON VUYBER DATA FROM 
PUN hUt4BEf.S 58i1574 AND C81174-1 TO OBTAIN STA"JTCh hUr8ER DATA AT TH=O AN0 TH=l 

PLATE REXCOL RF. OEL2 ST(TH=Ol REXHOT 

31 

1 

32 

2 
3 
4 
5 

t 
9 
9 

?I 
11 
12 
13 

P 14 
I=: 15 

16 
17 
18 
19 
io 
il 
22 
23 
24 
i5 
26 
i7 
28 
29 
35 

1149692.3 

2315453.0 

1205099.5 
12605C6.0 

2b44126.0 

1315913.0 
1371120.0 
142b727.U 
1482134.0 
1537545.0 
1592947.0 
1648354.3 
1703761.0 
17591bB.U 
ie131277.0 
iezserr. 0 
le5334b.O 
i Ee7015.0 
lC15692.U 
1944227.U 
lS12761.J 
2COL296.0 
2029831.0 
2558365.0 
2CE65UJ.J 
2115573.0 
i14424t.3 
2172780.3 
2201315.0 
2229B49.0 
i25e3e4.0 
2286523.0 

s5.3 Cl.co3443 1147284.0 
278.3 O.003166 1202574.0 
454.5 0.003195 1257db5.0 
629.3 J.CO3lli 1313156.0 
798.1 O.CO2982 1368447.0 
SbO.9 0. CO2856 1423738.0 

1121.6 O.lJO2904 1479028.i) 
l281.,7 o.co2e77 1534319.3 
1440.0 O.CO2637 1589blO.O 
1598.1 J.COZE67 1644531.3 
1756.2 (%2847, 1700192.U 
1912.7 U.C02@05 17554'32.3 
2024.9 O.UOiit4 1757503.0 
2105.6 0.002539 1825578.0 
2177.4 O.CC2487 le5445Z.i) 
2247.1 d.002392 1883066.0 
2314.5 0.002326 lillt79.0 
2380.2 0.002276 1540153.0 
2444.2 O.COi202 lSbe628.0 
2504.7 O.COZL79 1997103.0 
2568.4 0.002135 2025578.0 
2628.6 3.CO2081 2054053.0 
2687.1 l .COZO14 2C82527.i) 
2744.7 J.002021 2111140.0 
2831.') g.C1Jl9@2 2135753.3 
2858.6 i).OOlSBo 2168228.0 
2917.2 J.002121 21SC703.0 
2574.4 O.CClB80 2225177.0 
3028.1 O.CO1876 2‘253t52.0 
3C81.7 O.COle77 2282127.0 
3134.3 O.COL844 2310602.J 
2187.3 J.CGlE31 2339215.3 

RE CEL2 ST(TH=1 h ET\ 

92.5 0.053345 uuuuu 

STCF F-COL 

0.982 O.OJ30 

STHR 

0.955 

=-HOT -3G9 

a.955 0.0000 
258.8 0.002671 0.156 0.834 0.0189 0.958 0.3173 3.079 

1353.1 O.M?454 0.240 3.942 0.0188 0.916 0.3171 3.115 
2422.4 O.CO2024 0.350 0.989 0.0184 0.804 0.0171 3.027 
3476.C C.031833 0.385 l.i)OZ 0.0181 0.751 3.3168 2.972 
4503.C C.001691 0.415 1.016 0.0189 0.712 0.3170 2.975 
5534.1 0.001654 0.431 1.057 
t572.5 0.001580 0.451 1.081 
7606.t c.oo15oc 0.469 1.095 
Eo04.4 o.r,31399 3.512 1.134 
c5E6.5 0.051323 01534 1.149 

15585.4 O.-l)1261 0.553 1.157 

0.0189 
0.0189 
0.0186 
0.3185 
0.0186 
0.3leb 

0.711 
0.693 
0.672 
0.634 
0.608 
Q.587 
0.599 
0.589 
0.585 
0.580 
0.571 
0.565 
0.553 
0.548 
0.534 
0.529 
0.521 
0.521 
0.522 
0.531 
0.551 
cl;510 
0.51)3 

0.0172 3.037 
0.0172 3.043 
0.3165 2.978 
0.0164 2.923 
0.3168 2.947 
3.3169 2.950 

11572.1 C.CO1274 01539 
l lbC@.O G.001245 0.509 
11t43.3 c.001230 Ok595 
11678.1 o.i)01211 0.494 
11712.3 C.001186 0.490 
11745.5 O.JJllb7 3.487 
1177e.7 O.OJ1137 0.484 
11e10.5 c.oolL2l 0.496 
11842.4 O.r)11087 0.491 
11873.1 C.031072 0.495 
llSC3.4 C.OJlJ31 3.478 
11933.3 O.i)OlcJ45 0.483 
11963.1 ').),J1145 Jb473 
11993.c 0.001057 u.46a 
12.323.7 o.J1109? jr485 
12053.6 C.OUlUr)7 0.405 
12082.1 C..lUO585 0.473 
LiLlO.6 O.JJlOL7 0.453 
12135.5 C.OOLUOB Cl.453 
12166.2 C.OUlO34 0.451 

1.156 
1.371 
1.058 
1.027 
1.006 
0.992 
0.967 
0.964 
0.951 
0.933 
0.909 
0.918 
J.9Jb 
u.913 
0.981 
U.074 
0.877 
o.aB2 
0.871 
0.969 
0.873 
0.866 
0.871 
0.849 

0.519 
0.517 
0.517 

33 i372755.0 3239.5 O.CO1824 2367828.0 12147.0 C.101316 3.443 
34 2401334.0 3291.4 O.GO1606 2396302.0 12225.7 C.OOOS97 0.4+a 
35 2429 e6e. 0 3343.9 J.COlBC8 2424777.0 12254.3 C.OUlOL:! 0.440 
35 2458453.~ 3393.9 J.CC1755 24532S2.0 12282.7 C.000976 0;444 

11.525 
0.517 
0.527 
0.509 

STbhTCh hUMBER RAT10 BASEC ON TT+PR*~C.4=0.0295*REX**I-.2)t(l .-~x!/(x-xvol)+*o.9j**(-1./9.) 

STANTON MCRFR RAT17 FOR lH=l IS CO'dVERTEO TO CCHPAPABLE TRANSPIRATION V4LUE 
CSIK ALCCll + 8)/U EXP~ESSICN IN 1HE BLOWN SECTION 



RUN 081574-l *** DISCRETE HOLE RI6 **+ NAS-+1433b STANTCN NUHBER DATA 

Tic+ 26.88 DEC C UINF= 13.12 H/S TINF= 26.75 DEG C 
RHClr .l. 166 KG/M3 VISC= O.l568Vf-04 M2/5 xvo= 22.4 CH 
CP= 1315. J/KGK PR- 

*** 2700STEP75 M=O.:75 TH=O 

PLATE 
1 127:EJ 

RFX 
O.li504E 

TO 
07 17.22 

2 132.8 0.12058E 07 37.16 

01717 

F/C=5 I** 

REENTH STAKTCN NO DST DREEN 
01997366 02 0.35979E-02 0.815E-04 2. 

4r28746E 03 0.31739E-02 0.78lE-04 21. 

H F f2 THETA DTH 

0.77 0.0250 2bi72-0.003 0.030 
0.76 0.0245 26190 0.014. 0.030 
0.77 0.0250 26192 0.016 0.030 
0.76 0.0246 26~89 0.013 0.030 
0.76 0.0247 2bJ91 0.014 0.030 
0.76 0.0246 27402 0.025 0.030 
0.77 0.0251 !7iO7 0.030 0.029 
0.76 0.0246 27r02 0.025 0.030 
0.76 0.0247 2bi9j 0.020 0.030 
0.75 0.0244 27LOi 0.025 0.030 
0.77 0.0251 26A99 0.023 0.029 

3 
.4 

5 
6 
7 
8 
9 

10 
11 
li 
13 

P 14 w co 15 
LC 
17 
18 
19 
20 
21 
22 

137.9 
143.0 
148.1 
153.2 
158.2 
163.3 
168.4 
173.5 
178.6 
183.6 
187.5 
190.1 
192.7 
195.4 
198.0 
200.6 
203.2 
205.8 
208.5 
211.1 

0.12613E 07 37.22 
0.13167E 07 37.24 

014634DE 03 
C166733E 03 
0186954E 03 
‘Ci10618E 04 
OA12546E 04 
0114591E 04 
0116691E 04 
0118718E 04 
Or20681E 04 
0122668E 04 
.0124212E 04 
a b25023E 04 
0 325.795E 04 
0126539E 04 
Ca27262E 04 

.0127969E 04 
0128657E 04 
0129333E 04 
Oi29997E 04 
0130641E 04 
0131272E 04 
.Ob3 1898E 04 
0132519E 04 
I) r33ci32E 04 
OA33763E 04 
0134377E 04 
0134953E 04 
0135527E 04 
Ot36095E 04 
0136651E 04 
0~37202E 04 
0137747E 04 
0138285E 04 
013881X 04 

O-33393&02 0.791E-04 
0.33265E-02 0.789~04 
0.31858E-02 0.777E-04 
0.312 88E-02 0.773 E-04 
0.3 1096E-02 0.772E-04 
0.30245E-02 0.763E-04 
0*30375E-02 0.766E-04 
0.302 70E02 0.763E-04 
0.30427E-02 0.767E-04 
0.29212E-02 0.755 E-D4 
0.29245E-02 O.l02E-03 
0.274 E5E-02 O.lOlE-03 
0.2C504E-02 0.984E-04 
0.25576502 0.9406-04 
0.24965E-02 9.922E-04 
0.24527E-02 0.905E-04 
0,2?623E-02 0.867E-04 
0.23613E-02 0.871E-04 
0.22060E-02 0.841 E-04 
0.22222E-02 0.83bE-04 
0.21890%02 0.812E-04 
0.2185 BE-02 0.828E-04 
0.21542E-02 0.80bE-04 
0. i 1409E-02 0.81bE-04 
0.22711E-02 0.825E-04 
0.20226E-02 0.78bE-04 

36. 
46. 
54. 
62. 
68. 
74. 
79. 
84. 
89. 
94. 
96. 
96. 
96. 
96. 
96. 
96. 
96. 
96. 
96. 
96. 
96. 
96. 
96. 
96. 
96. 
96. 
96. 
96. 
96. 
96. 
96. 
96. 
96. 
96. 

0.13722E 07 37.24 
0.14276E 07 37.22 
0.14831E 07 37.22 
0.153’85E 07 37. i4 
0.15939E 07 37.22 
0.16494E 07 37.24 
0.17048E 07 a7.20 
0.17603E 07 37. i4 
0.18024E 07 36.46 
0.18310E 07 36.42 
0.18595E 07 36.80 
0.18882E 0 7 36.88 
0.19169E 07 36.55 
0.19454E 07 -36.55 
0.19740E I) 7 36.97 
0.20025E 07 37.07 
0.20311E 07 37. c5 
0.20586E 07 37.16 

21 213.7 0.20682E 07 37.11 
24 216.3 0.21169E 07 27.26 
25 i18.9 0.2145tE 07 37.24 
26 221.6 0.21741E 07 37.26 
27 224.2 0.22027E 07 36.53 
28 226.8 O.i2312E 07 37.39 
29 229.4 0.22598E 07 27.22 
30 232.0 0.22883E 07 37,5e 

0.20090E-02 0.739E-04 
0,2C08bE-02 0.772E-04 
O.l9604E-02 0.744E-04 
O.lS318E-02 0.734E-04 
O.l9223E-02 0.73bE-04 
O.la932E-02 0.705E-04 
0.1871dE-02 0.740E-04 
O.l81161E-02 ;).779E-04 

31 234.6 0.23169E 07 37.58 
32 237.3 0.23456E 07 37.49 
33 239.9 0.23743E 07 37.47 
34 242.5 0.2402EE 37 27.24 
35 245.1 0.24314E 07 ,37.45 
36 247.8 0.24599E 07 37.22 

UNCERTAIKTY IY REX=27721. UkCERTAINTY IN F=O.O5034 IN RATIO 



RUN 081574-2 *** DISCRETE HCLE PIE *** NAS-3-14336 STANTON NUMBER DATA 

TAOB= 27 .B4 DEG .C U INF= 17.14 M/S TINF= 27.72 DEG C 
RHO= 1.162 KG/M3 USC= O.l5776E-04 M2/S xvo= 22.4 CM 
CP= 1015. J/KGK PR= 

*** 2700STEP75 M=0.75 TH=l 

PLA7E X 

32 

1 

237.3 

127.8 
i 132.8 

33 

3 137.9 

239.9 

4 143.0 
5 148.1 
b 153.2 
7 158.2 
8 163.3 
9 168.4 

10 173.5 
11 178.6 
12 183.6 
13 187.5 

w w 14 190.1 
\D 15 192.7 

16 195.4 
17 158.0 
18 200.6 
IS 203.2 
20 205.8 
21 208-5 
22 ill.1 
23 213.7 
24 i16.3 
25 218.9 
26 221.6 
27 224.2 
28 226.8 
29 229.4 
30 232.0 
31 234.6 

GE x TO 

0.23352E 

0,11453E 07 

37 

40.28 
Oe12005E 07 

40.17 

.40.26 
Oa12557E 07 

0.2363BE 

40.28 
OP13109E 07 

07 

40.28 

40.15 

0.13661E 07 40.28 
0.14213E 07 40.26 
0.14765E 07 40. i8 
0.15317E 07 40.26 
0.15869E 07 40.28 
0.1642lE 07 40.26 
0.16573E 07 40. “0 
0.17 525E 07 40.30 
0.179k4E 07 19.44 
0.1822BE 07 as. 31 
0.18513f 07 39. t4 
0.1879BE 07 39.t9 
0.19CE4E 07 39.75 
0.193tBE 07 39.77 
0.19653E 07 39.79 
3.19537E 07 39.54 
0.20221E 07 39.92 
0.20505E 0 7 39.54 
0.20780E 07 39, s4 
0.21075E 07 40.09 
0.2136lE 07 40.c5 
0.21C%5E 07 40.00 
0.21929E 07 3s. E2 
0.22214E 07 40.15 
0.224SBE 07 40.00 
0.22782E 07 40.28 
C.23066E 07 43. i8 

34 2.42.5 0.23422E 07 39. SB 
35 245.1 0.242Q6E 07 40.13 
36 247.8 0.24490E 07 59. s2 

UNCEkTAINiY ii RBi=2 75’S E. 

Or717 

P/D=5 *** 

REENTH STAhTCh KC DST 
Ob92838E 02 0.33639E-02 0.67OE-04 
0126257E 03 0.2@007E-02 0.629E-04 
0116658E 04 0.2833 EE-02 0. b30E-04 
0130314E 04 0.251@4E-02 0.609G04 
Oi44256E 04 

0 r71236E 04 
0 r84462E 04 

3i57662E 04 

CA97825E 04 
0;11030E 05 
0112222E 05 
Oi13308E 05 
0114352E 05 
0114B99E 05 
il114446E 05 
Oi14490E 05 
6A14533E 05 
0414575E 05 
Oi14616E 05 
Ob14656E 05 
0.14695E 05 
Qd14732E 05 
0114769E 05 
Qs14805E 05 
0114840E 05 
0114876E 05 
0:14912E 05 
0114S47E 05 
0~14980E 05 
Oi15013E 05 
0.15546E 05 
0115C78E 05 
0115111E 05 
Oi15143E 05 
0115174E 05 
Ci15205E 05 

0120589E-02 

0,22538E-02 

0.20255E-02 
O.l9362E-02 

0.214E2E-02 

0,19066E-02 
O.lB412E-02 
o.l795aE-02 
O.l6988E-02 
O.l6490E-02 
0*15942E-02 
O.l5393E-02 
O.l500lE-02 
O.l45E2E-C2 
O.l4061E-02 
O.l3811E-02 
O.l3327E-02 
O.l3151E-02 
O.l2753E-02 
O.l2554E-02 
0.122 74E-02 
O.l2644E-02 
O.l27CtE-C2 
0.11654502 
O.l172,BE-02 
o.l16adE-02 
O.l1438E-02 
O.l1338E-02 
O..ll349E-02 
O.l1053E-02 
0 .11046E-02 
O.l065OE-C2 

0.593E-04 
0.587E-04 
0.582E-04 
0,58lE-04 
0.575E-04 
0.574E-04 
0.569E-04 
0.567E-04 
0.603 E-04 
0.628E-04 
O.b18E-04 
0.591E-04 
0.5BOE-04 
0.568 E-04 
0.541E-04 
0.539E-04 
0.522E-04 
0.525E-04 
0.509E-04 
0.515E-04 
0.499E-04 
0.5 14E-04 
0.503E-04 
0.493E-04 
0.467 E-04 
0.492E-04 
0.476 E-04 
0.472E-04 
0.473E-D4 
0.450E-04 
0.484E-04 
0.507E-04 

UNCERTAINTY. oh ~=a.05034 ik RAT‘Io 

DREEN 
2. 

35. 
61. 
78, 
93 . 

105. 
116. 
126. 
135. 
142. 
148. 
154. 
157. 
157. 
157. 
157. 
157. 
157. 
157. 
157. 
157. 
157. 
157. 
157. 
157. 
157. 
157. 
157. 
157. 
157. 
157. 
157. 
157. 
157. 
157. 
157. 

M F T2 THETA Dfi 

0.71 0.0231 39298 0.978 0.025 
0.70 0.0227 39L95 0.974 0.025 
0.70 0.0228 4OJ33 1.034 0.025 
0.71 0.0230 39L97 0.975 0.025 
0.71 0.0230 39A78 0.962 0,025 
0.71 0.0229 39i75 0.958 0.025 
0.70 0.0227 39A98 0.978 0.025 
0.69 0.0223 39;36 0.927 0.024 
OS.70 0.0226 38169 0.875 0.024 
3.70 0.0226 37r67 0.791 0.024 
0.72 0.0233 37.21 0.755 0.024 



c:uy 061574-l **.* OIStR2fE HCLE PI6 *** NAS-3-14336 SThNTCN NUMBER OITA 

et* 2700STEP75 P=O.75 TH=O P/D=5 *** 

FIJI 001574-2 *f* DISCRETE HOLE PIG l ** NAS-3-14336 STANTON NUMBER DATA 

*** 2700STEP75 P=C.75 TH=l P/O=5 **c 

LI4EAR SUPERPCSITiCN 1.S APPCILC TO STANTCN NUMBEP CATA FROM 
PLN hUYBERS 081574-A Al\D (81574-2 TO O@TAIN STANTCN NUMBER OPTA Al TH=O AND TH=l 

E TA STC? 

ULUUU 1.027 
0.123 0.836 
0.156 0.986 
0~248 1.061 

F-COL STi R ‘--lOT L3GB 

0.0000 0.960 0.0000 
0.0231 
0.0227 
0.0228 

3.960 
3.718 
3.921 
3.914 
3.896 
3.911 
3.914 

PLATE PE XCDL LF GEL2 ST(TH=Ol REXHOT RE DEL2 ST(TH=lI 

92. E C.003364 
262.7 0.032792 

1653.2 0.002821 
309O.B 0.0025OS 
4479.4 0.002243 
5870.6 0.002116 

1 
2 
3 
4 

1150408.0 
1205849.0 
1261291.3 
lZ16732.0 
1372173.~1 
1427615.U 
1433056.3 
1538497.0 
1593539.0 
1649380.0 
170tB22. U 
17602tj. (: 
lE0239E.J 
183055 1.0 
lE595c13.3 
lE88154.J 
1516885.0 
1945437.0 
1573585.0 
2OG2541.0 
2031 c94.0 
205964t.J 
ict3195.0 

99..7 O.GO3558 
‘$7.4 5.003173 
4b8.J 0.003342 
t53.i 0.003339 
d34.5 J.COI199 

1010.3 o.co3143 
1184.2 J.093132 
1355.7 J. c33354 
1525.5 3.CO3071 

1145315.0 
1200511.~0 
1255707.0 
131D903.0 
1366005.0 
1421295.3 
1476491.3 
1531687.0 
1506883.0 
1642079.0 
1657275.0 
1752471.0 
1794420.0 
1622846.0 
ie51272.3 
LB75835.0 
1908399.0 

0.0250 1.001 
0.0245 1.075 
0.0250 I. 996 

01299 1.074 0.0246 0.919 0.0230 
01327 1.103 0.0247 0.890 0.0230 

0.0246 
0.0251 
0.0246 
0.0247 
0.0244 
0.0251 

0.866 0.0229 
5 
7 
a 
9 

10 
11 
12 
13 
14 
15 
16 
17 
lb 
19 
23 
ii 
22 
23 
24 
25 
26 
27 
ia 
29 
30 
?l 
I2 
33 
34 
35 
36 

7254.3 
8628.2 
s990.0 

11322.0 
12654.8 
13990.5 
15334.E 
15332.4 
15409.2 

O.OOle75 0.388 
0.301780 0.418 

g+%EE-t~ ",;::', 
0.001327 0.552 
0.001315 Oi527 
O.i)01274 01525 
0.001230 01525 
C.001196 01526 

1.140 
1.147 
1.186 
1.209 
1.244 
1.219 
1.239 
1.174 
1.142 

0.873 0.0227 
8.838 0.02.23 

3.957 
3.894 
3.907 
3.816 
3.826 

1695.3 0.003056 
lt65.3 0. CO3C76 
2032.5 lJ.co29571 
2156.9 O.CC2563 

0.806 
0.732 
0.677 
0.624 
0.622 
0.606 
0.588 
0.576 
0.559 
0.542 
0.529 
8.512 

0.0226 
0.3226 
0.0233 

2239.0 0. CO2783 
2317.1 3.502684 
2392.5 0.002590 
2465.7 O.CJ2528 
2537.3 5.C024E4 

15444.8 
15479.4 

1.111 
1.094 

1636825.0 15512.5 a.001156 0.534 1.083 
2607.0 3.002393 
2t75.4 0. co2392 

1965251.0 
1993677.0 
2022103.0 
205C529.0 
2078955.0 
ZlC7518.O 
2136082.0 
2 164508.0 
2192934.0 
2221360.0 
2249786.0 
2278212.0 
2306638.0 
2335202.0 
2363766.0 
2392192.0 
2420617.0 
2449043.0 

15545.2 
15576.5 
15606.8 
15636.4 
156c5.4 

O.OJlll6 01534 
0.001084 O&547 

1.051 
1.058 

2742.7 0.002316 0.001043 01550 1.032 
2808.3 >.002iCl 
2E71.3 3.0022;El 

0.001040 0;53a 1.009 0.513 
0.000998 01550 1.001 0.494 
C. 000972 01562 1.008 Cl .484 
0.00094t 0.567 0.998 0.473 
0.00099 B 01540 0.997 0.501 
0.000967 0.580 1.065 9.488 
0.000905 Oi55B 0.953 0.458 
0.0009 19 0.549 0.952 0.467 
0.')00913 01551 0.957 0.466 
0.000896 Ob549 0.938 0.459 
0.000892 04544 0.929 0.458 
C.000896 0.540 0.929 8.462 
0.000866 01548 0.920 8.449 
O.DOO872 O&540 0.913 0.453 
0.000840 0.541 0.886 8.438 

2116’389. i) 2935.3 U. CC2220 
2145580.0 2598.3 0.002184 
2174133.3 3063.5 0.032169 
2202685. I) 3124.4 O.CO2303 
ii31237.0 2186.6 3.002050 
2259793.0 3245.0 O.CO2036 
2288342.0 3303.2 O.CO2035 
2315B94.0 3360.6 O.COlSeb 
23455E5.0 3417.0 0.001957 
2314276.3 3472.0 J.001947 
24U282@. 0 3528.1 3.001518 
2431385.0 3582.6 J. CO1895 
2459933.0 3t35.B 0.001830 

15653.5 
15720.8 
15740.4 
15716.4 
15803.0 
1582'3.0 
15855.1 
1588G.8 
1590’6.3 
15931.7 
15956. @  
15981.5 
16005.5 

STAhTCN AUt’BEii RATIO BASEC ON ST*PR+*0.4=0.0295*REX*+(- .2~*(1.-IxI/~x-xvoI)**o.9I**~-1./9.l 

YANTON NUMBER RATIG FOR 7H=l IS CCNVERTEO TO COMPARABLE TRANSPIRATION VALUE 
LSING ALOG(1 + 81/B EXPRESSICN Ih THE BLOWN SECTION 



RUN 081574-l *** 01 SCRETE HOLE RI h *** NAS-3-14336 STANTON NUMBER DATA 

TAM+ 25.27 DEG C UINF+ la.14 ws 
RHOr 1.173 KG/M3 VI SC= O.l558OE-04 HZ/S 
CP= 1011. J/KGK PR= 01715 

a** 27OOSTEP90 H=0.9 TH=C F/D=5 *** 

PLATE X RE X TO 
1 127.8 0.11594E 07 I6.?3 
2 132.8 0.12153E 07 36.31 
3 137.9 0.12711E 07 36.23 
4 143.0 0.13 270E 07 36.33 
5 148.1 3.1382% 07 36.23 
6 153-2 0.14388E 07 36.34 
7 158.2 0.14946E 37 26.34 
8 163.3 0.15505E 07 36.34 
S 168.4 0.16064E 07 36.34 

10 173.5 0.16623E 07 16.31 
11 178.6 0.17181E 07 36.31 
12 183.6 0.17740E 07 36.33 
13 187.5 0.18165E 07 35.56 

P 14 190.1 0.18453E 07 35.fl 
r" 15 192.7 0.1874OE 07 35.96 

16 195.4 0.19029E 07 26.C6 
17 198.0 0.19319E 07 36.17 
18 200.6 0.196Q6E 07 36.17 
19 

f i! 
22 
23 
24 
25 
2t 
27 
28 
29 
30 
31 
32 
33 
34 

203.2 0.19&94E 07 36.19 
205.8 0.20182E 07 36.29 
208.5 0.20470E 07 26.51 
ill.1 0.20757E 07 36.42 
213.7 D.21045E 07 36.40 
216.3 0.21334E 07 36.53 
219.9 0.21623E 07 36.53 
221.6 0.21911E 07 36.55 
224.2 O.i2199E 07 26.21 
220.8 0.22487E 07 .36.69 
229.4 O.i2774E 07 36.50 
232.0 0.23062E 07 ‘6. et? 
234.6 0.2335OF 07 36.92 
237.3 0.23639E 0 7 36.78 
239.9 0.23928s 07 36.74 
242.5 O.i4216E 07 56.50 

35 245.1 0.24504E 07 36.72 
3t 247.8 0.24791E 07 26.48 

UNCERPPINTY IN REX=2793 7. UNCERTAINTY IN F=O.O5033 IN RATIO 

PEENTH 
0~10006E 03 
0 k28926E 03 
Cb50661E 03 
.O A76421E 03 
Ok10231E 04 
Oi12760E 04 
OA15233E 04 
0117906E 04 
0120576E 04 
Oi23226E 04 
0 i25787E 04 
C128373E 04 
0 r30434E 04 
Gd31336E 04 
0.32194E 04 
OA33319E 04 
0 r33815E 04 
Oi34592E 04 
0135349E 04 
0.36093F 04 
0136825E 04 
0.37536E 04 
Oi38225E 04 
0138916E 04 
a.3 9605E 04 
0140287E 04 
0,4D?i85E 04 
0141665E 04 
0 A42305E 04 
Oi42945E 04 
C i43579E 04 
0;44<199E 04 
0 b44ei3E 04 
C .45420E 04 
Od46017E 04 
01466C4E 04 

TINF 25.14 DEG C 
XVC= 22.4 CM 

STAhTCN NO IJST 
0.358 l..7E-02 0.762E-04 
0.319OTE-02 0.730E-04 
0.33762E-02 0.745 E-04 
0.35661E-02 0.761E-04 
0.3517bE-02 0.757E-04 
0.335056-02 0.741E-04 
0.33942E-02 0.745E-04 
0.33548E-02 0.742E-04 
0.32798E-02 0.735E-04 
0.3302tlE-02 0.740E-04 
0.32567E-02 0.736E-04 
0.316ElE-02 0.727E-04 
0.32087E-02 O.llOE-03 
0.30504E-02 O.lOBE-03 
0.29115E-02 O.l05E-03 
0.2El02E-02 O.lOOE-03 
0.27198E-02 0.976E-04 
0.26757E-02 0.958E-04 
0.25753E-02 0.918E-04 
0.25926E-02 0.927E-04 
0.24881E-02 0.889E-04 
0.2445 ZE-02 0.887604 
0.23666E-02 0.852E-04 
0.24042E- 02 0.875E-04 
J.23778E-02 0.859E-04 
0.23543E-02 0.865E-04 
3.24904E-02 0.874E-04 
0.22346E-02 0.835E-04 
0.22083E-02 0.784F-34 
0.2232t?E-02 0.823E-04 
0.21717E-02 0.795E-04 
O.i1317E-02 0.778E-04 
0.21299&02 0.783E-04 
0.2C792E-02 0.745E-04 
0.20690E-02 0.783E-C4 
O.ZC042E-02 0.824E-04 

DREEN 
2. 

24. 
41. 
52. 
62. 
70. 
78. 
84. 
91. 

1;26: 
107. 
109. 
109. 
109. 
109. 
109. 
139. 
109. 
109. 
109. 
109. 
109. 
109. 
109. 
110. 
110. 

'110. 
110. 
110. 
110. 
110. 
110. 
110. 
110. 
110. 

n f T2 THETA Dti 

0.93 0.0301 25136 0.020 0.028 
0.93 0.0301 25456 0.038 0.028 
0.94 0.0303 25i54 0.036 0.028 
0.93 0.0300 25A55 0.036 0.028 
0.93 0.0302 25353 0.035 0.028 
0.94 0.0303 25&66 0.047 0.027 
0.94 0.0303 25b68 0.048 0.027 
0.93 0.0299 25168 0.048 0.027 
0.91 0.0295 25d63 0.044 0.028 
0.92 0.0298 25A67 0.048 0.028 
0.92 0.0298 25&62 0.043 0.028 



FUN 081974-Z *':+ OISCRFTE HOLE RIE **+ NAS-3-14330 

TACE= 26.63 DtiG C UINF= li.05 C/S 
FHO- 1.166 KG/M3 V KC= O.l5703E-04 MZ/S 
CP= 1013. J/KGK PR- Cd715 

*** 2700STEP90 r=O. 9 TH=l F/D=5 *** 

PLATE X 
1 127.8 
2 132.8 
3 '137.9 

. 4 143.0 
5 148.1 
6 153.2 
7 158.2 
8 ‘163.3 
S 168.4 

10 173.5 
11 178.6 
12 183.6 
13 187.5 
14 190.1 
15 192.7 
16 195.4 
17 198.0 
18 200.6 
19 203.2 
20 205.8 
21 208.5 
22 ill.1 
23 213.7 

REX TD 
9. 114'42E 07 40.20 
0.11994E 07 40.19 
0.12545E 07 40.19 
0.13047E 07 40.19 
0.13648E 07 40.19 
0.14200E 07 40.20 
0.1475 1E 07 40.20 
0.15303E 07 40.22 
0.15t354E 07. 45.20 
0.16405E 07 40.19 
0.16957E 07 40.19 
0.175013E 07 40.19 
0.17927E 07 39.43 
3.18211E 07 39.51 
0.18495E 07 39.67 
0.18781E 07 39.75 
0.19066E 07 39. E2 
0.1935OE 07 39. e6 
0.19634E 07 19. S8 
0.19918E 07 40..03 
0.20202E 07 40.03 
0.204SbE 07 40.09 
0.20750E 07 40.07 

24 216.3 0.21055E 07 40.22 
25 218.9 0.2134lE 07 40.22 
26 221.6 0.21625E 037 40.17 
27 224.2 0.21909E 07 39.56 
28 226.8 0.22193E D7 40.32 
29 229.4 0.22477E 07 40.15 
30 232.0 0.2276lE 07 40.49 
31 234.6 0.23045E 07 40.49 
32 237.3 0.23330E 07 40.38 
33 239.9 0.23616E 07 40.36 
34 242.5 0.23900E 07 40.17 
35 245.1 0.24184E 07 40.34 
36 247.8 0.24468E 07 40.13 

UNCERTAINTY IN REX=27572. 

REENTI- STAhTCN NO DST 
0.92159E 02 0.3342 5E-02 0.619E-04 
0~2610% 03 0.27830E-02 0.581E-04 
0119703E 04 0.2$599E-02 C.593E-04 
0 d36668E 04 0.28056E-02 0.583E-C4 
0153470E 04 0.25668E-02 0.567 E-04 
CA 70C37E 04 0.234t4E-C2 0.553E-04 
0.86 169E 04 0.2325 lE-02 0.552E-04 
Od10223E 05 0.22408E-02 0.546E-04 
0~118OOE 05 0.2147,7E-02 0.542 E-04 
Ot13365E 05 0.2CEESE-C2 0.54oE-04 
Od14863E 05 0.20024E-02 0.535E-04 
Od16334E 05 O.l94SOE-02 0.532E-04 
0117705E 05 O.lE659E-02 0.647E-04 
0.17757E 05 O.lF074E-02 0.659E-04 
0.17eoeE 05 O.l7504E-02 0.651E-04 
Od17857E 05 O.l6826E-02 0.620 E-04 
0117904E 05 O.lt327E-02 0.606E-04 
Oi17949E 05 3.15896E-02 0.593E-04 
0117994E 05 O.l523BE-02 0.562E-04 
0&18837E 05 O.l5024E-02 0.561E-04 
oble074E 05 O.l4493E-02 0.542E-04 
0;18119E 05 O.l4166E-02 0.541&04 
Oil8159E 05 O.l3730E-02 0.521E-04 
Oil8198k 05 0.127iZE-02 0.532E-04 
Oi18237E 05 O.l3287E-02 0.514E-04 
Od18275E 05 C.l3566E-02 ‘0.526E04 
0118314E 05 O.l3822E-02 0.517F-04 
Odl&351E 05 0.12616!+02 0.505E-04 
Od183E7E 05 O.l2423E-02 0.472E-04 
0118422E 05 O.l2512E-02 0.499E-04 
OA18458E 05 O.l2284E-02 0.484E-04 
Od18452E 05 O.l2060E-02 0.476F-04 
Odl8526E 05 O.l19e4E-02 0.476E-04 
Odl856oE 05 O.l1732E-02 0.453E-04 
Obl8593E 05 O.l166RE-02 0.483k04 
0118626E 05 O.l1213E-02 0.504E-04 

TINF= 26.51 DEG C 
xvc= 22.4 CM 

UNCERTAINTY IN F1R.05034 IN RATIO 

DREiN 
2. 

43 . 
74. 
95. 

113. 
127. 
140. 
151. 
162. 
L 71. 
180. 
188. 
191. 
191. 
191. 
191. 
191. 
191. 
191. 
191. 
191. 
191. 
191. 
191. 
191. 
191. 
191. 
191. 
191. 
191. 
191. 
191. 
191. 
191. 
191. 
191. 

(r F T2 THETA DTH 

0.85 0.0275 4O:52 1.024 0 -023 
Q-85 0.0276 4OA33 l;(Ill 0.023 
0.84 0.0273 4OL41.1.017 0.023 
0.85 0.0274.4OA29 1.007. 0.023 
0.85 0.0276 39385 0.974 0.023 
0.86 0.0279 39170 0.963 0.023 
0.84 0.0272 39b79 0.969 0.023 
0.85 0.0276 39L55 0.953 0.022 
0.84 0.02.71:39119 0.927 0 .D22 
0.85 0.0275 38178 0.898 0.022 
0.85 0.0275. 38d14 0.851 0.022 



RUN 081974-l *** OIStRETE'HCLE RIG 

*** 

RUN 081974-2 *** DISCRETE HOLE RIG 

*** NAS-3-1433t STANTON NUMBER DATA 

2700STEP90 plr0.9 TH=O P/C=5 **+ 

NAS-3- 14336 STANTON NUMBER DATA 

*** 27OOSfEP90 Ht0.9 TH=l P/O=5 *** 

LINEAR SUPERPOSITION IS APPLIEC TO STANTCN NUMBER CATA FROM 
PCN NUMBERS 081974-l AND tB1974-2 TO OBTAIN SlANTCh NUMBER DATA AT TH=O AND flyI= 

PLATE REXCOL .KE CR2 ST(TH=LIJ REXHOT RE CELi STtTH=ll 

92.2 C.003342 
261.3 0.002793 

1934.2 0.002967 
1614.S 0.002816 

ETA STCR f-COL STiR ‘-ilOT 

UUUUU 1.023 0 .oooo a.954 0. DOW 
01127 0.843 0.0301 2.000 0.0275 

L3GB 

0.954 
4.125 

1 
2 
3 
4 
5 
6 
7 
B 
9 

10 
11 

llSY3Y4.0 
1215265.0 
1271142.0 
1327C16.0 
1382892.0 

100.1 O.CO3582 1144244.0 
209.5 a.003195 1195388.0 
413.5 O.CO3388 1254532.0 
660.6 o.co3595 lao9677.0 

01124 1.000 0.0301 2.129 0.3 276 
0~217 1.143 0.0303 2.117 0.0273 

1.055 0.0274 

4.501 
4.571 
4.570 
4.550 
4.643 

868.3 r-j :::,‘,“:::: 
J-CO3441 1475109.0 
ti.003412 1530254.0 
,I. Cd3343 1585398.0 
O.CO33t5 1640542.0 

5270.6 0.002578 01274 
10.002337 Ok310 

0.002289 0 r335 

1.194 0.0300 
1438766.0 1062.2 
14911.t41.Y 1253.3 

6916.3 
E567.9 

1.190 0.0302 0.982 0.0276 
1.253 0.0303 a.983 0.0279 

1550515.0 
1606394.5 
lt62264.U 
1718135.0 

1444.4 
1633.1 
1820.4 
2~07.2 
2190.4 
232B.L 
2420.5 
2508.0 
2552.3 
2673.7 
2753.1 
2833.4 

O.CO3262 1792741.0 
d.co311e ia21140.0 
0.002575 1049539.0 
C. CC2e72 1878076.0 
d.OU277F 1906613.0 
5.CG2735 1935313.3 
O.CO263d 1963412.0 

10228.i 0.002199 Oh355 1.283 a0303 0.963 0.0272 4r599 
11849.8 0.032099 0.372 1.290 0.0299 0.935 0.0276 4.637 
13401.2 0.002007 0.404 1.332 0.0295 0.908 0.0271 4.586 
15084.9 0.001875 0.436 1.344 0.0290 

1.335 0.0298 
1.373 
1.316 

0.861 0.0275 
0.820 0.3275 
1.700 
0.764 
0.748 
8.722 
0.705 
0.688 
0.662 
0.652 
0.633 
1.621 
a.605 
0.604 
0.584 
0.604 
0.611 
0.563 
0.556 
0.562 
0.555 
0.547 
0.545 
0.536 
a. 535 
0.514 

4.589 
4.555 12 1774J13.0 

13 lBl647E.O 
16702.5 0.001764 0,455 
l&292.0 0.001662 01494 

v 14 

,' 15 
16 

1845253.0 
lE74C2e.O 
1902943.0 
1931E5E.O 
19bJt34.3.. 
1589409.0 
Z(318184.0 
20405ti).S 
LC75735.0 
2104511.0 
i13?425. C 
2162345.0 
2191116.0 
i i19891.1) 
2248666.0 
2277442.j 
2306217.0 
2314993.0 
2363507.0 
i392022.0 
2421598.0 
i450373, I) 
2479148.3 

18338.6 
lE3@4.0 
lE427.5 
18470.3 
lE511.4 
lE551.0 
18589.4 
16626.8 
lE663.1 
lebS0.4 
l&733.0 
lf76f.S 

0.001619 OA481 
OA471 
01474 
0~472 
01479 
01482 
0 r496 
0.492 
01496 
0,495 
0.506 
01520 

0.001574 
0.001511 

1.267 
1.233 

17 O.OOl46e 
0.001425 
0.001364 
0.001337 
0.001292 
0.001260 
0.001222 
0.001216 
0.001169 

1.203 
1.193. . 
1.157 
1.174 
1.134 
1.122 
1.093 
1.118 
1.113 

18 
19 
20 
21 
22 
23 
i4 
25 

i936.5 3.CO2652 1991811.0 
2081.4 0.002545 2020211.0 
2054.1 i).CO2501 2049blO.O 
3125.0 S.CO24il 2077609.0 
3195.3 0.002460 2105546.0 
3265.0 
3335.6 
3407.3 
3476.7 

O.CO2435 2134084.0 
3.CO2409 2162483.0 
il.002551 21908b2.3 
O.002288 2219281.0 
iJ.iYOiZbl 2247681.0 
0.002266 2276080.0 
O.CO2223 2304400.0 
d.COil82 2333017.0 
U.002181 2361554-O 
O.CO2129 2389953.0 
O.COtllB 2418352.0 
O.OOiO~Z 2446752.0 

26 
i7 

18ElOU. 7 0.001205 0.500 1.108 
18835.1 0.001214 0.524 1.180 

28 lE86e.Z c.001114 Ob513 
C.001096 0;515 
0.001102 0.518 
O.O31085 0.512 
C.001065 0~512 
0.011057 01515 
C.001036 0.513 
0.001030 0.514 
0.000987 oi519 

1.064 
1.057 
1.075 
1.051 
1.037 
1.041 
1.021 

i9 
30 

3542.3 
3697.8 

1BAYS.t 
lE93C.8 

31 3612.7 18961.5 
lEY92.9 
19322.7 
15052.4 
19081.8 
15110.5 

'2 
33 

3136.2 
3799.0 

34 3861.1 
3922.3 
3582.3 

35 
36 

1.021 
0.994 

STbNfCY NUMBER SAT10 BASE0 ON ST+PA**0.~0.0295~REX**~-.2~*~1.-~XI7~X-XVOlI*~0.9~**~-1./9.~ 

STAhTCN NUMBER RATIO F')R, TH=l IS CCNVERTEO TO COMPARABLE TRANSPIRAlION VALUE 
USING ALOG(1 + RI/B EXPRESSION IN THE BLCMN SECTION 



RUN 092374 *** DISCRETE HCLE RIO *** NAS-3-14336 STANTCN NUYBER DATA 

TAO8= 23.77 DEG C UINF= 13.47 M/S 
RHOi 1.170 KG/M3 V I SC= O.l5526E-04 t42/S 
CP= 1014. J/KGK PR= 

*** 2700STEP130 H=l .3 TH=O 

PLATE X REX TO 
1 127.8 0.11858E 07 34.21 
i 132.8 0.12429E 07 34.21 
3 137.9 0.13081E 07 l34.25 
4 143.0 0.13572E 07 14.23 
5 148.1 0.14114E 07 34.23 
6 153.2 0.14715E 07 34. 23 
7 158.2 0.15286E 07 34.21 
@ 163.3 0.15858E 07 34.21 
9 168.4 0.16429E 07 34.21 

13 173.5 0.17001E 07 34.23 
11 178.6 0.175.72E 07 34.23 
12 183.6 0.18144E 07 34.21 
13 187.5 0.185.78f 07 33.20 

P 14 190.1 0.18872E 07 33.C8 F c 15 192.7 0.19167E 07 33.50 
16 195.4 0.19462E 07 33.56 
17 198.0 3.19758E 37 33.62 
18 200.6 0.20052E 07 33.65 
19 203.2 0.2034-/E 07 53.69 
20 205.8 0.20641E 07 33.81 
21 208.5 3.20935E 07 33.75 
22 211.1 O.LLL3GE 07 33.E5 
23 213.7 O.il524E 07 33. rS 
24 216.3 0.2182c)E 07 33.96 
25 218.5 3.iZi15E Q7 33.50 
26 221.6 0.22410E 07 33.85 
27 224.2 0.22704t 07 22.72 
28 226.8 0.22998k 07 33.88 
29 225.4 0.23293E 37 33.e5 
30 232.0 3.23587E 57 34.23 
31 234.6 0.2386lE 07 34.25 
32 237.3 3. i4177E 07 34.13 
33 239.9 0.24473E 07 34.13 
34 242.5 3.24767E 07 53. it8 
35 245.1 0.25061E 07 34.11 
36 247.8 0.25356E 07 33.54 

UNCERTAI MTY IN RCX=2i?57 3. 

01717 

P/D=5 *** 

AEENTH 
0.10173E 03 
0129203E 03 
C.55365E 03 
0 184341E 03 
0111666E 04 
0115CC7E 04 
UA18399E 04 
OA22 182E 04 
0 &2 6014E 04 
Oi29903E 04 
0 133667E 04 
C A37598E 04 
0 A40999E 04 
Cl A42034E 04 
G143027E 04 
0.43982E 04 
CI44SllE 04 
0 r45823E 04 
0.467CSE 04 
,0.47578E 04 
C148433E 04 
DA49272E 04 
0 i50099E 34 
0 i50916E 04 
Od51731F 04 
Oi52535E 04 
0,53321E 04 
c 1541OlE 04 
0.54874E 04 
Ci55642E 04 
0 r56405E 04 
0 ~57 148E 04 
0.57880E 04 
C i58604E 04 
Ot59321E 04 
0160024E 04 

TINF= 23.63 DEG C 
XVC= 22.4 CM 

STAhTCh KC DST DREEN 
O..35604E-02 0.791E-04 2. 
0.30997E-02 1>.751E-04 36. 
0.32452E-02 0.760E-04 63. 
0.3875,3E-02 3.819E-04 83. 
0.39C44E-02 0.828E-04 95. 
0.38968E-02 0.821E-04 108. 
0.369OOE-02 0.803E-04 119. 
0.35915%02 0.794E-04 129. 
0.35789602 0.793604 139. 
0.3589 BE-02 0.792E-04 148. 
0.3604 7E-02 o-794+04 156. 
5.35331E-02 n.?86E-U4 164. 
0.35767E-02 O.l22E-03 168. 
0.34454F-02 O.l23E-03 168. 
0.32992E-02 O.l19E-03 168. 
0.3181UE-02 O.l14E-03 168. 
0.31267E-02 CI.l12E-03 168. 
O..30639E-02 0.1 lOE-03 168. 
0.2946 8E-02 O.l05E-03 168. 
0.295C7E-02 O.l06E-03 168. 
0.2E576E-02 O.l02E-03 168. 
0.28357E-02 O.l03E-03 168. 
5.27735E-02 0.993E-04 168. 
0.27757E-02 O.lOlE-03 168. 
0.27555E-02 0.994E-04 168. 
0.2703 8E-02 0.102@03 168. 
0.262S9E-02 3.934E-04 168. 
0.266CbE-02 O.lOlE-C3 168. 
0.25859E-02 0.922E-04 168. 
0.2C272E-02 0.963t-04 168. 
0.25566E-02 0.929F-04 168. 
3.24850E-02 0.902E-04 166. 
0.24812E-02 C.9@9F-04 168. 
0.24359E-02 0.871E-04 163. 
0.242 78E-02 0.907E-04 168. 
0.23461E-02 0.945E-04 168. 

UNCERTAINTY IN F=O.O5031 IN AATID 

M F t2 THETA 

1.33 0.0432 23&98 0.033 0.029 
1.33 0.0431 24&00 0.035 0.029 
1.32 0.0426 24&O& 0.041 0.029 
1.34 0.0433 24AlO 0.044 Q.b29 
1.33 0.0429 24r16 0.050 0.029 
1.32 0.0428 24137 0.070 0.029 
1.32 0.0426 24&41 0.073 0.029 
1.33 0.0430 24L43 0.075 0.029 
1.32 0.0427 24137 0.070 0.029 
1.30 0.0419 24447 0.079 0.029 
1.30 0.0421 24146 0.078 0.029 

DTi 



RUh CS2474 **+ DISCRETE HOLE RIG *f* NAS-3-14336 STANTCN KUlFlBER DATA 

TAtE= 21.61 DEG C UINF= la.39 wf TINF= 21.47 DEG C 
RHO= 1.183 KG/M3 VeISC= O.l5278E-04 K2/S xvc= 22.4 CM 
CP= 1013. J/KGK PR= 

*** 2700StEP130 M=L.3 TH=l 

PLATE X REX TO 
1 127.8 0.1209OE 07 37.50 
2 132.8 0.125.78E 07 37. so 
3 137.9 0.13156E 07 37.92 
4 143.0 0.13735E 37 37.52 
5 148.1 0.14313E 07 37.92 
6 153.2 0.14891E 07 37.52 
7 158.2 0.15470E 07 .37.92 
8 163.3 0.16048E 07 37. so 
9 168.4 0.16626E 07 37.52 

12 
13 
14 
15 
16 
17 
18 
19 
20 

173.5 0.17204E 0 7 37.52 
178.6 0.17783E 07 37.92 
18 3.6 0.18361E 07 37.92 
187.5 0.18801E 07 36.44 
193.1 0.19058E 57 36.17 
192.7 0.193Q6E 07 36.55 
195.4 0.19695E 07 36. tl 
198.0 0.19995E 07 36, C7 
200.6 0.20293E 07 36.74 
203.2 0.20590E 07 36.80 
205.8 0.20888E 07 36.43 

21 208.5 0.21186E 07 36.57 
22 211.1 0.21484E 07 37.05 
23 213.7 0.21782E 07 17. c3 
24 216.3 0.22001E 07 ~27.24 
25 218.9 0.223BOE 07 37.18 
26 221.6 0.22t78E 07 37.12 
27 224.2 0.22976E 07 36.27 
28 226.8 0.23234E 07 37.20 
29 229.4 0.23572E 07 37.16 
30 232.0 0.23869E 07 37.49 
31 234.6 0.24lI67E 07 37.52 
32 237.3 0.24466E 07 37.39 
31 239.9 0.24766E 07 37.39 
34 242.5 0.25064E 07 37.20 
35 245.1 0.25361E 07 ,37..35 
36 247.8 0.25659E 07 27.16 

UNCERTAINTY IN REX=2891 5. UNCERTAINTY IN F=O.O5031 IN RATIO 

or717 

P/C=5 *** 

REENTH 
OA10022E 03 
03J279G7E 03 
,0.25665E 04 
OA49196E 04 
0.73605E 04 
Oi98561E 04 
0~12305E 05 
0114740E 05 
0,17186E 05 
.0119629E 05 
.01220t4E 05 
0~24443E 05 
0~26714E 05 
0126767E 05 
0;26819E 05 
C i26.869E 05 
0&26918E 05 
OA26965E 05 
0,27CllE 05 
0 i27055E 05 
C127C98E 05 
0&27140E 05 
0127 181E OS 
0127221E 05 
012726OE 05 
0 b27299E 05 
0127336E 05 
01273i2E 05 
Oi27409E 05 
Or27446E 05 
0127483E 05 
n~27518E 05 
C127554E 05 
0,27589E 05 
>O 127 623E 05 
0127t57E 05 

STAKTCN NO Dst DREEN 
0.34660E-02 0.522E-04 2. 
0.27194E-02 0.474E-04 58. 
0.303 79E-02 0.493E-04 100. 
0.32414E-a2 0.506E-04 131. 
0.31025E-02 0.457E-04 158. 
3.27723E-02 0.477 E-04 181. 
0.27106E-02 0.473E-04 201. 
0.25496E-02 0.464E-04 219. 
0.2418 IE-02 0.457E-04 236. 
0.23468E-02 0.453E-04 251. 
0.223 6QE-02 0.447 E-04 266. 
0.2134&E-02 0.442E-04 279. 
0.178 4tE-02 0.581E-04 285. 
O.l7727E-02 0.616E-04 285. 
0.171 GE-02 0.613E-04 285. 
O.l6526E-02 0.586E-04 285. 
0.1 t149E-02 0.574E-04 285. 
O.l5532E-02 0.557E-04 285. 
O.l48t3E-02 0.530E-04 285. 
O.l4829E-02 0,53lE-04 285. 
O.l4077E-02 0.50bE-04 285. 
O.l3947E-C2 0.510E-04 285. 
O.l3473E-02 0.488 E-04 285. 
O.l3381E-02 0.499E-04 285. 
O.l3198E-02 0.485E-04 285. 
O.l2897E-02 0.498E-04 285. 
O.l1558E-02 0.40bE-04 285. 
O.l2596E-02 0.492E-04 285. 
O.l2256E-02 0.446E-04 285. 
O.l2591E-02 0.475E-04 285. 
0112124E-02 0.455 E-04 285. 
O.l1938E-02 0.446E-04 285. 
O.l1854E-02 0.447E-04 285. 
O.l1453E-02 0.422E-04 285. 
O.l161ZE-02 0.452E-04 285. 
0.1116.OE-02 0.471E-04 285. 

H F T2 THETA DT-i 

1.19 0.0386 37~07 0.949 0.019 
1.21 0.0391 37i28 0.961 0.019 
1.22 0.039i 37&78 0.991 
1.22 0.0394 38r26 1.021 
1.21 0.0391 38115 1.014 
1.19 0.0385 38.33 1.025 
1.18 0.0382 38r59 1.042 
1.18 0.0384 38;57 1.039 
1.20 0.0389 38i31 1.024 
1.18 0.0382 38~25 1.020 
1.19 0.0385 37.61 0.981 

0.019 
0.019 
0.019 
0.019 
0.019 
0.019 
0.019 
0.019 
0.019 



RUN 092374 *** DISCRETE HOLE RI6 *** NAS-3-14336 STANTCN NUMBER DATA 

_ **a 27OOSTEPl30 M=1.3 THtO, P/O=5 :+a* 

RUN 092474 *** CISCRETE HCLE RI6 *** NbS-3-14336 ,STANTCN NLHEEP DATA 

*+* 27COSlEPl30 M+1.3 TH=l’ P/D=5 *A 

LINEAR SUPERPOSITION IS APPLIED 70 STANTON NUMBER CAiA FRCM 
RUN MUMBERS 092374 AN0 092474 TO OBTAIN STANTON NUMBER DATA AT TH=O AND TH=l 

PLATE REXCOL RE DEL2 ST(TH=OL REXHOT RE DEL2 SflTH=ll ETA STCQ F-COL SlHR F-HOT LOG0 

0.989 0.3000 
8.976 0.0386 
2.164 0.0391 
.I.292 0.03 94 
1.285 0.0394 
1.185 0.0391 
1.185 0.0385 
1.144 0.0382 
1.111 0.0384 
1.092 0.0389 
2.052 0.0382 
1.003 0.0385 
0.847 
0.846 
0.822 
0.798 
0.784 
0.758 
0.729 
0.731 
0.698 
0.694 
0.674 
0.672 
0.666 
0.654 
0.588 
0.644 
0.629 
0.649 
0.627 
0.620 
0.618 
0.599 
0.609 
0.588 

0.989 
5.121 
5.707 
6.114 
6.230 
6.126 
6.156 
6.132 
6.153 
6.240 
6.147 
6.140 

1 
2 
3 
4 
5 
6 
7 
8 

1: 
11 
12 
13 

w 14 
& 15 

16 

1185771.0 
1242917.0 
1300062.0 
1357208.0 
1414354.0 
1471499.0 
1528645.0 
1585791.0 
1642 936.0 
1700082.0 
1757221.0 
1814373.0 
1857204.0 
1287234.0 
1916tt4.0 
1946236.0 
3575805.0 
2005239.0 
2034669.0 
2064099.0 
2093530.0 
2122960.0 
2152390.0 
2181962.0 
ii11535.0 
2240965.0 
2270395.0 
2299825.0 
2329255. c 
2358685.0 
2388115.0 
2417668.0 
244726 1.0 
247669 1.0 
2506121.0 
2535551.0 

101.7 
292.4 
414.3 
678.7 
904.5 

1131.8 
1351.9 
1563.9 
1773.5 
1983.6 
2194.9 
2404.4 
2562.8 
2670.6 
2774.3 
2873.4 
2970.2 
3065.2 
3157.5 
3248.0 
3337.3 
3424.8 
3511.0 
3596.4 
3681.4 
3765.5 
3847.7 
3929.2 
4010.0 
4090.2 
4 171) .o 
4247.6 
4324.0 
4399.7 
4414.6 
4548.1 

0. CO3560 
0.003113 
0..0032:3 
O.GO35Cl 
0.004002 
3. co3951 
0.003751 
0.003669 
O.CO3668 
0.003684 
0.003713 
0. a03620 
0.003729 
0.003588 
0. co3435 
0.003311 
0..003256 
0.003193 
0.003071 
0.003076 
0. CO2581 
O.CO2559 
0. CO2895 
0.002898, 
O.OOi@fE 
0.002024 
0.002756 
O.CO2780 
Cl. 002702 
O.CO2744 
O.CO2671 
3. ao25s5 
O.CO2592 
0.002546 
.3.002536 
0.002453 

1199974.0 
1257804.0 
1315634.0 
1373464.0 
1431295.0 
1489125.0 
1546955.0 
1604785.0 
1662615.0 
1720445.0 
1778275.0 
1836105.0 
1880056.0 
1909839.0 
1939621.3 
1969548.0 
1999475.0 
2029258.0 
2055040.0 
2088822.0 
2118605.0 
2148388.0 
2178170.0 
Zm%O97 .o 
2230024.0 
2267807.0 
2257589.3 
2327372.0 
2357155.0 
2386937.0 
2416719.0 
2446646.5 
2416573.0 
2506356.0 
2536138.0 
256592 1 .O 

100.2 0.003466 UUUUU 1.016 
278.5 0.002658 0.133 3.825 

O.OOOQ 
0.0432 
0.0431 
0.0426 
0.0433 
0.0429 
0.0428 
0.0426 
0.0430 
0.0427 
0.0419 
0.0421 

2678.5 0.003028 0.069 
511.6.5 C.003226 0.173 
7588.7 0.00310@ 0.224 

10029.8 w Jr293 
12449.0 C.002730 0.272 

0.965 
1.247 
1.352 
1.395 
1.374 
1.387 14829.5 0.032586 0.295 

17186.6 0.002467 0.327 1.425 
15544.9 0.002387 0.352 1.466 
21928. f 0.002267 0.389 1.510 
24264.5 0.002135 Ok410 1.502 
2t57E.E G.001785 0.521 1.569 
2.6631.5 
266.53.8 
26734.0 
26782.7 
2C825.5 

0.001773 0.506 
3.901712 3~502 
0.001t53 0.501 
O.DJ1615 J.5J4 
il.001554 0.513 
0.001487 0.516 
0.001483 0.518 
C. 001408 0.528 
0.001395 Oi528 
0.001348 0.534 
C.001339 0.538 
3.001325 3.541 
0.001290 0.543 
0.001156 0.580 
0.001260 0.547 
0.001226 0.546 

1.523 
1.470 
1.430 

17 
18 

1.417 
1.400 

26875.3 
2t91-5.6 
26962.7 
27004.5 
27045.4 
270EC.4 
27125.1 
271t4.0 
27206.4 
27236.5 
21273.5 
2i310.6 
27347.5 
27303.3 

1.357 
1.368 
1.336 
1.334 
1.314 
1.324 
1.323 
1.306 
1.282 
1.300 
1.271 
1.297 
1.269 
1.240 
1.244 2741 E.E 0.001186 0.542 

27453.t 0.001146 0.550 1.228 
274E8.C 0.001162 0.542 1.229 

22 
23 
24 
25 
26 
27 
28 

:i 

2 
33 
34 
35 
36 27521.5 0.001116 0.545 1.195 

STAMTCN bUM8ER RATIO BASEC ON ST*PR**Q.4=0.0295*REX**~- .2)*(l.-IXI/(X-XvO)~*t0.9)cr(-1./9.~ 

STANTCN NUMBER RATIC FCR TH=l IS CCNVERTED TO COMPPRAf3LF TRANSPIRATION VALUE 
USING PLOG(L + 81/B EXPRESSICN IN 7HE BLCWN SECTIGN 



- 

RUN 121174 VELOCIlY PPCFILE 

REX = 0.12950E 07 REM = 21(71. 

xv0 = 13.04 CC. OEL2 = 0.254 CM. 
UINF * 16.82 n/s DEL99= 2.100 CM. 
VISC = O.L4902E-04 h'Z/S DELL = 0.355 CM. 
PORT = 19 H 1.3Y6 
XLOC = 127.76 CF. CF/2 1 O.l6496E-02 

YICM.1 Y/DEL U(H/S) U/UINF Y+ U+ 

0.025 0.012 7.2C 0.432 11.6 10.63 
0.028 0.013 7.39 0.440 12.8 1c).a2 
0.030 0.015 7.63 0.454 14.0 Al.17 
0.033 0.016 7.84 0.466 15.1 ii.48 
0.038 0.018 8.22 0.489 17.5 12.03 

0.046 0.022 8.56 
0.056 0.027 8.99 
0.069 0.033 9.38 
0.084 0.040 9.72 
0.102 0.048 10.00 

0.122 0.058 10.2 5 0.609 55.9 15.60 
0.147 0.070 10.49 C.624 67.3 Lii.db 
0.178 0.085 10.76 C.640 81.1, 15.75 
0.213 0.102 11.0t 0.658 97.0 16.19 
0.254 0.121 11.33 0.673 116.4 16.5b 

0.300 0.143 11.59 C.689 137.4 lb.97 
0.351 0.167 11.88 C.706 163.7 17.50 
0.414 0.197 12.18 0.724 189.& 17.83 
0.490 0.233 12.51 C.743 224.7 18.30 
0.592 0.282 12.93 0.768 271.3 ld.Y2 

0.719 0.342 13.42 C.798 329.5 
0.871 0.415 13.94 G.828 3YY.4 
1.024 0.487 14.43 0.858 464.5 
1.214 0.578 14.97 0.890 550.6 
1.405 0.669 15.46 0.919 644.0 

19.64 
20.40 
2i.ld 
LL.91 
22.63 

1.595 0.759 15.85 
1.786 0.850 16.25 
1.976 0.941 16.56 
2.167 1.032 16.69 
2.357 1.122 16.79 

0.945 731.3 
0.966 &l&.6 
0.984 906.0 
0.992 993.3 
0.998 1080.6 

1.000 1168.-O 

23.20 
23.7Y 
2+.24 
24.43 
24.58 

2.548 1.213 16.82 

0.509 21.0 12.53 
0.534 25.6 13.15 
C-558 31.4 13.73 
0.578 38.4 lU.2J 
0.594 46.6 14.63 



FUN 121174 *** DISCRETE HOLE RIG *** NAS-3-14336 STANTON NUMBER DATA 

TACB= 19.46 DEG C UIFJF= 16.88 r/s 
FHO= 1.208 KG/Y3 V ISC= O.l4903E-04 M2/S 
CP= 1011. J /KGK PR= 

*** 2900SfEP FP P/D -10 *** 

FLATE X FEY. Tr? 
1 127-b 0.12597E 07 52.26 
2 132.8 L1.13572E 07 32.24 
3 137.9 0.14148F 07 52.24 
4 143.0 C.14723E 07 z2.2t 
5 148.1 0.15299E 07 22.28 
6 153.2 3.15bJ4E '37 Z2.24 
7 158.2 0.1645CE 07 Z2.28 
8 163.3 0.17525E 97 Z-7.24 
5 168.4 0.17tc)lE 07 22.22 

10 173.5 C.18176E 07 32.22 
11 178.6 O.lR752F 07 52.24 
12 183.6 0.19327E 07 22.26 
13 187.5 0.19765E 07 =1-E& 
14 190.1 0.20O61E 07 il.70 
1= 
1;. 

152.7 3.23357E 07 :2.C7 
155.4 0.20655E li7 32.09 

17 198-J 3.2r)953E a7 32.11 
18 200.6 C.21243E 07 IL.03 
19 203.2 0.21546E 07 31.95 
20 205.8 0.21842E 07 IZ.C7 
21 208.5 0.22138& 07 22.01 
22 211.1 0.22435E 07 22.03 
23 213.7 0.22731E 07 31.50 
24 i16.3 C.23C29E 37 il.57 
25 218.9 0.23327E 07 22.07 
26 221.6 S. 236.23E 37 31.s7 
27 224.2 0.23919E 07 30.79 
28 i26.6 0.24216E 07 11.99 
29 229.4 0.24512E 07 31.Sl 
30 232.0 O.i48QSE 07 32.39 
31 234.6 5.25105E 07 22.35 
32 237.3 0.25403E 07 22.20 
33 239.9 0.257OlE 07 22.18 
34 242.5 0.25997E 07 31.88 
35 245.1 0.26293E 07 52.14 
36 247.8 0.26590E 07 21.86 

3.716 

PEENTH 
0;1&?83E 03 
0.28901E 03 
0 r44 890E 03 
aA59429E 03 
0.74425E 03 
C.88572E 03 
0.10234E 04 
OL11575E 04 
0.12894E 04 
Oll419lE 04 
C rl5455E 04 
0 il6686E 04 
0117617E 04 
0.18249E 04 
OJ1@877E 04 
0&19501E 04 
C120121E 04 
012073% 04 
0121353E 04 
Ob2P964E 04 
Qi'2572E 04 
0123177E 04 
Ob23760E 04 
0 d24373E 04 
0 i24963E 04 
Or2555EE 04 
0~26151E 04 
0.26741E 04 
0~27328E 04 
0127913E 04 
0~28495E 04 
0129075E 04 
012 4653E 04 
Oi30230E 04 
OL30804E 04 
0~31376E 04 

TINF= 19.33 OEG C 
xvo- 13.0 CH 

STAhTCN NO DST WEEN 
3.357 37E-02 0.661E-04 2. 
0.2897OE-02 O.bllf-04 3. 
O.it559E-02 0.554E-04 4. 
O-25668’-02 0.587E-04 5. 
0.24711%02 0.580E-04 5. 
0.24455E-02 0.580E-04 6. 
0.233e6E-02 0.572E-04 6. 
0.23211E-02 r3.573E-04 7. 
0. ii631th02 0.570E-04 7. 
3.22473E-02 0.569E04 8. 
0.21458E-02 0.562E-04 8. 
0.21316E-02 0.561E-C4 8. 
0.214006-02 0.739E-04 9. 
0.21224E-02 0.745E-04 9. 
3.210fZ9E-02 0.755E-04 9. 
0.2C966E-02 0.740E-04 9. 
0.20855f-02 0.740E-04 9. 
O-20747&02 0.735E-04 9. 
0.20647E-02 C).722E-04 9. 
0.2C53FE-02 0.727E-04 10. 
0.20447E-02 0.720E-04 10. 
0,2034bE-02 0.728E-04 10. 
0.20261+02 0.716E-04 10. 
O.l9725E-C2 0.707E-04 10. 
O.ZC072E-02 0.721E-04 10. 
O.l9993E-02 8.75lE-04 10. 
0.1596&E-02 0.662E-04 10. 
O.l5833E-02 J.751E-04 10. 
O.l5755E-C2 0.688E-04 11. 
O.l9660E-02 0.718E-04 11. 
O.l5581E-02 0.7Olf-04 11. 
0 .lS518E-02 0.696E-04 11. 
O.l9449E-02 0.702E-04 11. 
o.lS3e9E-02 0.675E-04 11. 
O.l53llF-02 0.715E-04 11. 
O.l5258E-02 0.770E-04 11. 

ST(THE0) 
3.31195E-02 
0.27498 E-02 
O-25879+02 
0.24836E-02 
0.24065E-02 1.027 
0.23453E-02 1.043 
0.22944E-02 1.019 
5.22510E-02 1.031 
0.22129E-02 1.023 
O.Z1792E-02 1.031 
0.21488E-02 0.999 
0.21212E-02 1.005 
0.21017E-02 1.018 
0.20892+02 1.016 
0.20772E-02 1.015 
0.20656E-02 1.015 
0.20544E-02 1.015 
0.20437E-02 1.015 
O.t0333E-02 1.015 
O-20233+02 
0.20136E-02 
0.20042 E-02 1.015 
O.l9951E-02 1.016 
O.l9862E-02 0.993 
O.l9775E-02 1.015 
D.l9692E-02 1.015 
O.l9610E-02 1.018 
O.l9531E-02 1.015 
O.l9454E-02 1.015 
O.l9378E-02 1.015 
O.i9305E-02 1.014 
O.l9233E-02 1.015 
O.l9163E-02 1.015 
O.l9094E-02 1.015 
O.l9027E-02 1.015 
O.l8962E-02 1.016 

RAtI 0 
1.146 
1.054 
1.028 
1.034 

1.015 
1.015 



RUN 121474 *** DISCRETE HCLE EIG *** NAS-3-14336 STANTCN NUY BER DATA 

TADB= 19.34 OEG C U INF= 16.71 M/S 
RHO= 1.215 KG/M3 VISC= D.l4814E-04 M2/S 
CP= 1011. J/KGK PR= 0~716 

*** 29OOSTEP40 M=0.4 TH=O P/D+13 *** 

PLAT,F X RE X TO REE NTH 
1 -:7.B 0.12945E 07 30.50 Oe10312E 03 
i 132.8 0.1351BE 07 33 .S2 0628954E 03 
3 137.9 0.1409lE 07 30.48 0146.118E 03 
4 14300 0.14664E 07 30.50 .Qb6619bE 03 
5 148.1 0.15237E 07 20.52 C a840lSE G3 
6 153.2 0.15811E 07 30.50 0110138E 04 
7 158.2 0.16384E 07 20.54 GiillB40E 04 
8 163.3 0.16957E 07 30.48 Cd352OE 04 
9 168.4 0.17530E 07 30.50 Oa15B74E 04 

10 173.5 0.18103E 07 30044 0116804E 04 
11 178.6 O.lB676E 07 30.50 Oal8416E 04 
12 183.6 Oe19249E 07 30048 0620003E 04 
13 187.5 0.196'85E 07 100 56 0:21299E 04 

P 14 190.1 0.199BOE Oil .fOe48 0122310E 04 
,” 15 192.7 0.20275E 07 30.80 0122947E 04 

16 195.4 0.20532E 07 20.0G Ob2357SE 04 
17 198.0 0.20B69E #7 30.E2 .O a24207E 04 
18 205.6 O.il164t 07 30.79 012482SE C4 
19 203.2 0.21459E 07 30.77 OA25443E 04 
20 205.8 i).21754E 07 13.e4 Ci26057E 04 
21 208.5 G.22049E 07 3Oei7 C 626 669E 04 
22 21101 0.22345E 07 30. E4 0 i27273E 04 
23 213.7 0.2264OE 07 20.75 CJ27E6SE 04 
24 216.3 0.229d6E 07 23.61 CI28458E 04 
25 213.9 0.23233E 07 10*73 0 a2 9054E 04 
26 221.6 0.23528E 07 30.t9 Oi29654E 04 
27 224.2 0.23823E x)7 29.62 0630252E 04 
28 226.8 Ooc'4llBE 07 ZC.71 0130850E 04 
29 229.4 0.24414E 07 ‘Uc.63 
30 232 .o 0,247OSE 07 32.02 
31 234.6 0.25004E 07 21.02 
32 237.3 J.25301E 07 3. E8 
33 239.9 0.25597E 07 30.80 
34 242.5 0.25092E 0 7 30-57 
35 245.1 OeZblP8E 07 30.79 
36 247.8 0.26483E 07 30.54 

.Oi3144BE 04 
Od32047E 04 
0.32642E 04 
0 b33227E 04 
0.33821E 04 
Oi34396E 04 
0.34576E 04 
0 :35548E 04 

T INF= 14.22 DEG C 
XbC= 13.0 CM 

STAhTCN NO 
0.359@2E-02 
0.29068E-02 
0.27312?-02 
0 0252 77E-02 
0.25057E-02 
0.23663E-02 
0.23745E-02 
0.22879E-02 
0.22646E-02 
0 .i2033E-02 
0.21898E-02 
0.21117E-02 
0.2180lE-02 
0.2 1610E-02 
0.21457E-02 
0.2 12 72E-02, 
0.2120QE-02 
0.2C937E-02 
0.2063LE-02 
0.2087OE-02 
0.20546E-02 
0.20377E-02 
O.l99lBE-02 
O.l9993E-02 
3,20324E-02 
0.2028 If-02 
0.2Cl91E-02 
0,2023FE-02 
0.20237E-02 
0.2C30DE-02 
0.19949E-02 
3.19655E-02 
Ool585BE-02 
O.l9691E-02 
O.l5543E-02 
O.l5203E-02 

CST 
0.754F-G4 
0.695F-04 
0.684E-04 
!I ,668 E-04 
0.666E-04 
0.657E-04 
0.656E-04 
0.653E-C4 
0.650E-04 
0.650E-04 
0.646E-04 
0.642 E-04 
0.782E-04 
0.777E-04 
0.782E-04 
0.763E-04 
0.763E-C4 
0.754E-04 
0.737E-04 
0.750E-04 
0.734E-04 
0.744E-04 
0.727E-04 
0.724E-04 
3.744E-04 
0.776E-04 
0.690E-04 
0.778E-04 
0.719E-C4 
0.750E-04 
0.728E-04 
0.718E-04 
0.72BE-04 
0.703E-04 
0.737E-04 
0.785F-04 

DPEEN 
2. 
5. 
6. 
8. 

1:: 
11. 
12. 
13. 

:,‘: 
15. 
16. 
16. 
16. 
16. 
16. 
16. 
16. 
16. 
16. 
16. 
16. 
16. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 
17. 

M F 72 THETA DTi 

0.30 9.0032 21.08 0.165 0.027 
0.00 0.0032 30L48 0.165 0.028 
9.39 O.OrJ31 21.36 3.190 0.027 
0.00 0.0031 3OL.52 0.190 0.027 
0.39 0.0032 21134 0.188 0.027 
0.00 0.0032 3Oi54 0.138 0,027 
0.39 0.0031 21241 0.194 0.027 
0.00 0.0031 30+50 0.194 0.028 
0.39 0.0032 2li40 0.194 0.027 
0.00 0.0032 30&50 0.194 0.028 
0.41 0.0033 21.42 0.196 0.027 

UNCERTAINTY IN REX=28658. UNCERTAINTY IN F=O.O5034 IN RATIO 



RUN 121274-2 *** DISCRETE HOLE RI6 *** NAS-3-14336 STANTCN hUMBER DATA 

TAC& 19.92 OEG C U INF= lf.77 M/S 
RHD* 1.20t KG/H3 V ISC= 0.14946E-04 RZ/S 
CP= 1011. J/KGK PR= OA715 

*** 2900STEP40 H=O.4 lH=l P/D=10 *** 

PLATE X REX TO 
1 127.8 0.1287ut 07 32.47 
2 132.8 0.13446E 07 32.45 
3 137.9 0.14017E 07 32.47 
4 143.0 0.14507E 07 32.45 
5 148.1 0.15 157E 0 7 32.45 
6 153.2 0.15727E 07 32.43 
7 158.2 0.16287E 07 32.45 
8 163.3 O.l6%67E 07 12.43 
9 166.4 0.17437E 07 32.45 

10 173.5 0.18007E 07 32.45 
11 178.6 0.18577E 07 32.43 
12 183.6 0.19148E 07 12.43 
13 187.5 0.195ElE 07 32.34 
14 190.1 0.19835E 07 22.16 
15 192.7 0.20168E 07 12.43 
16 155.4 0.2046 3E 07 32.43 
17 198.0 0.2075FJE 07 32.45 
1% 200.6 0.21052E 07 22.39 
19 203.2 0.21345E 07 12.32 
20 205.8 0.21639E 07 32.39 
21 208.5 0.21933E 07 32.34 
22 211.1 0.22226E 07 22.37 
23 213.7 0.22520E 07 22.26 
24 216.3 0.228l5E 07 22.24 
25 218.9 0.231lOE 07 32.2% 
26 221.6 0.234D4E 07 IZ.iS 
27 224.2 0.23697E 07 31.28 
2@ 226.8 0.2399lE 07 12.2t 
29 229.4 0.24284E 07 32.1% 
30 232.0 0.24538E 07 52.53 
31 234.6 0.248J2E .07 32-53 
32 237.3 0.25167E 07 12.30 
33 239.9 0.25462E 07 12.32 
34 242.5 0.25755E 07 22.07 
35 245.1 0.26049E 07 32.2% 
36 247.8 0.26343E 07 ‘22.05 

UNCERTAI hTY IN REX=2:%506. 

REENT I- 
OA9851iE 02 
0 t27435E 03 
0157405E 03 
CA86.107E 03 
0111340E 04 
0.14005E 04 
Oi16819E 04 
.0119605E 04 
0122115E 04 
Cr24592E 04 
0.27256E 04 
0129%97E 04 
.0.32.164E 04 
Os34200E 04 
Oi34735E 04 
0135272E 04 
Ci358111: 04 
OL36350E 04 
0.36%%7E 04 
0137427E 04 
0137967E 04 
0138502E 04 
013 9036E 04 
0.39563E 04 
CA40Q97E 04 
Oi40t37E 04 
Q14116%E 04 
0141700E 04 
0.42237E 04 
Oi42777E 04 
0.43314E 04 
0143850E 04 
0144384E 04 
0~44916E 04 
C ,45446E 04 
.0)45972E 04 

TINF= lS.80 DEG C 
XVG= 13.0 CM 

STAhTCN NO 
0.3455 %E-02 
0.27126E-02 
0.24306E-02 
0.22676E-02 
0.21162E-02 
0.20436E-02 
O.l9950E-02 
O.l9446E-02 
O.l%419E-02 
O.l%267E-02 
O.L7%90E-02 
O.l7434E-02 
O.l771iE-02 
O.l8056E-02 
O.l%3C7E-02 
O.l%2%6E-02 
O.l%336E-02 
O.l@335E-02 
O.lE24%E-02 
O.l8476E-02 
O.L%225E-02 
0,. lE227E-02 
O.l%065E-02 
0.178135-02 
O.l%484E-02 
O.l%2%4E-02 
O.l7867E-02 
O.lE306E-02 
O.l%243E-02 
O.l%463E-02 
0.1804 %E-02 
O.l%325E-02 
-0.1 E064E-02 
O.l%07bE-02 
O.l%039E-02 
O.l7720E-02 

DST DREEN 
0.668E-04 2. 
0.613E-04 5. 
0.594E-04 9. 
0.584E-04 11. 
0.576E-04 13. 
0.572E-04 14. 
0.569E-04 lb. 
0.567E-04 17. 
0.5blE-04 18. 
0.560E-04 20. 
0.559E-04 21. 
0.557E-04 22. 
0.639E-04 22. 
0.653E-04 22. 
0.669E-04 22. 
0.660E-04 22. 
0.664E-04 22. 
0.664E-04 23. 
0.652E-04 23. 
0.665E-04 23. 
0.654E-04 23. 
0.666E-04 23. 
0.655E-04 23. 
0.652E-04 23. 
0.672E-04 23. 
0.698E04 23. 
0.6 12E-04 23. 
0.701E-04 23. 
0.649E-04 23. 
0.681 E-04 23. 
O.b64E-04 23. 
0.662F04 23. 
0.664E-04 23. 
0.643 E-04 23. 
0.679E-04 23. 
0.720E-04 23. 

UNCERTAINTY IN F=O.O5034 IN RATIO 

H F T2 THETA 01-l 

0.35 0.0028 31.86 0.953 0.02C 
0.00 0.002% 32.47 0.953 0.025 
0.35 0.0029 31&31 0.910 0.024 
0.00 0.0029 32445 0.910 0.025 
0.39 0.0031 31154 0.929 0924 
0.00 0.0031 32A45 0.929 0.‘025 
0.33 0.0027 31L67 0.939 0.024 
0.00 0.0027 32.45 0.939 0.625 
0.39 0.0031 31i39 0.916 0.024 
0.00 0.0031 32.43 0.916 0.025 
0.36 0.0029 31416 0.899 0.024 



RlJh 121474 *** DISCRETE HOLE RIG *** NAS-3-1433f STA:J TOPI “IW e ‘? 38 rA 

*** 2900STEP40 C=C.4 lH=G P/C=10 *=* 

RUN 121274-Z *** DIStRElE HOLE RIE *** NAS-3-14336 5TPNTP”I NUMBFF CA1A 

*** 2900STEP40 M=0;4 Tl-=1 P/O=10 t** 

LIhiAR SUPERPOSITION IS APPLIED TO STANTON NUMBER CATA FROM 
RUN NW8ERS 121474 AND 121274-2 TO 9BTAIN STAhTCb bUFlBER CbTA AT ‘H=? AND TH=l 

PLATE RE XCOL 

1 1294474.0 
2 1351789.0 
3 1409105.0 
4 1466421.0 
5 1523736.0 
6 1581052.0 
7 1630367.0 
0 1695683.0 
9 1752999.0 

10 1810314.0 
11 1867630.0 
12 1924946.0 
13 1568506.0 
14 1598023.0 
15 2027541.0 
16 2057201.0 
17 2086862.0 

PE DEL2 ST(TH=O) REXHOT RE DEL2 ST(TH=l) ETL STCQ F-COL T?iQ 

0.003598 
0.002947 
0.002754 
J.CO2585 
0.002609 
3.CO2450 
0.002471 
0.002376 
O.CO2375 
0.002303 
O.CO2257 
0.002212 

1267625.0 
1344638.0 
1401650.0 
1458662.0 
1515675.0 
1572687.0 
1t25700.0 
1606712.0 
1743725.0 
1800737.0 
lE57749.0 
1914762.0 
1958091.0 
1587453.0 
2016814.0 
2046318.0 
2075822.0 
2105183.0 
2134545.0 
2163966.0 
2193260.0 
2222629.0 
2251990.0 
2201494.0 
2310998.0 
2340359.0 
2169721.0 
2399082.0 
2420444.0 
2457805.0 
2487167.0 
2516670.0 
2546174.0 
2575536.0 
2604897.0 
2634258.0 

C.003456 
0.002701 
0.052413 
O.O'l2244 
0.0020b7 
0.032018 
c.c01959 
3.0.?1914 
0.001808 

uuuuu 
0.084 
0.136 
0.133 
0.208 
0.183 

1.097 3.3OOJ 
0.780 0.0032 
0.027 0.0032 
0.826 0.0031 
0.880 0.0031 
J.863 9.0032 
0.903 0.0032 
3.096 0.5931 
0.921 0.0031 

5.967 
6.930 
0.931 
0.502 
0.057 
0.855 
0.852 
C.849 
0.815 
0.82~3 
D.809 
0.798 
0.816 
8.841 
0.660 
0.865 
0.873 
0.079 
0.881 
0.896 
0.888 
0.894 
0.092 
0.881 
0.921 
0.914 
B.894 
Il.923 
0.923 
8.939 
a.923 
8.942 
0.926 
8.934 
0.936 
0.923 

‘-,‘?’ LIT,3 

0. )J3J J-967 
0.302d 1.431 
o.oore 1.434 
o.oo:c 1.397 
0.3029 1.364 
0.0031 1.419 
0.3031 1.428 
'I.3327 1.356 
0.3027 1.328 
&I331 1.417 
0.0031 1.413 
O.DJ29 1.376 

103.1 
290.7 
455.2 
609.5 
750.4 
903.4 

1044.4 
1183.3 
1319.5 

se.5 
274.0 
5f0.4 
973.7 

1159.2 
1438.0 
1730.1 
2019.4 
2277.E 
2532.6 
2811.6 

0.207 
3.194 
Oh239 

1453.5 
1585.3 

c.oo179c 01223 3.915 3.3032 
0.001743 0.242 0.933 0.0032 

1714.6 3087.9 0.001696 01233 0.916 0.0033 
1611.9 o.co2252 
1879.1 0.002250 

3329.4 G.001718 
3540.4 0.001760 
360D.t 0.331790 
1653.2 0.001790 
3705.9 0.331737 

04250 0.963 
01221 0.957 

1945.5 0.002237 0.203 0.956 
01100 0.952 
Ot183 0.955 
0.169 0.940 
01157 0.939 
01156 0.956 
0*154 0.947 
01144 0.944 
0,127 0.926 
0.149 0.939 

2011.2 
2076.3 
2140.6 
2204.3 
2267.5 
2330.6 

0.0022OQ 
0.002lS8 
0.x)02165 
0.002128 
0.002152 
0.40211e 
3.002057 
0.002042 
0..002059 
0.002083 
a.002083 
0.002083 
0..002(377 
O.CO2078 
0.0020&0 
0..002046 
0.002002 
0.002040 
o.ao2ou 
0.001955 
0.001961 

18 2116380.0 
19 2145097.0 
20 2175415.0 
21 2204933.0 
i2 2234450.0 
23 2263560.0 
24 2293628.0 
25 2323289.0 
26 2352607.0 
27 2382324.0 

3750.0 0.001800 
Z011.t 0.001794 
3064.7 0.001817 
3917.7 0.001792 
3970.4 c.001795 
4023.0 0.001783 
4075.0 0.001753 

2392.9 
2454.0 
2514.6 
2575.8 
2637.4 
2690.9 

4127.6 0.001825 01124 0.956 
4100.9 0.001803 oa134 0.962 
4233.2 0.001757 01157 0.967 

20 2411842.0 2760.4 
29 2441360.0 2821.8 

4205.6 
4338.5 
4391.8 
4444.0 
4497.7 
4550.6 
4603.1 
4655.6 
4707.6 

0.001806 
a.001799 
0.001823 
0.001786 
0.001815 
0.001703 
a.001787 
0.001784 
0.001753 

01131 0.970 
02135 0.976 

30. 2470077.0 2803.3 
31 2500395.0 2944.2 
32 2430056.0 3004.0 
33 2559116.0 3063.8 
34 2509234.0 3123.6 
35 2618752.0 3182.9 
36 2640269.0 3241.3 

Oil24 0.982 
04127 0.971 
0,093 0.955 
0,126 0.978 
OAll2 0.970 
01106 0.966 
0;106 0.953 

STMITCN MlHBER RATIO BASEa ON ST~PR**O.lr0~O295*AE~*~-.2J*~1.-~XI/~X~XVOJJ+*0.9J*~~-1./9.l 

$&ii UIBER RAW10 ?OR W-1 1s CEWEiTEi TO iOiP&RABLE TRANSPIRATIOk V4LUE 
U8tJK AL6Ml * bi/0 EXPRESSIQW 11 TicE BLOWN SECTICN 



GUN 121674-l *** DISCRETE HdLE RI6 *** NAS-314336 STANTON NUMBER DATA 

TACB= 20.15 DEG C UINF= 16.65 Y/S 
FHO= 1.206 K G/M3 V ISC= O.i4957E-Ok M2/S 
CP= 1011. J/KGK PR= 

*** 2900STEP75 M=O.75 

FLATE X 

20 

1 

205.8 

127.8 
2 132.8 

il 

1 - 

208.5 

137.9 
4 143.0 
5 148.1 
6 153.2 
7 158.2 
a 163.3 
5 168.4 

10 173.5 
11 178.6 
12 183.6 
13 187.5 

I-J 14 190.1 
ul N 1= 1; 192.7 

195.4 
17 19a.c) 
18 200.6 
19 203.2 

REX TO 
0.17775 E 07 

0.2146&f 07 

30.79 
0.1334CE a7 

20.79 

30.79 
0.139CbE 07 

0.21759s 

30. E2 
0.14471E 07 

07 

53. eo 

20.71 

0.15C37E 07 30.82 
0.15603E 07 ?!I. EC 
0.16168E 07 30.80 
3.16734E 07 23.79 
0.17299E 07 30.79 
0.17865E 07 50. EO 
0.18431E 07 30.80 
C.la996E 07 20. eo 
0.15426E 07 30. c2 
0.1?717E 07 30.38 
0.2CCC9E ‘57 13.73 
0.23301E 07 30.75 
3.23594E 37 31.77 
O.iORBSE 07 ,10.73 
C.21177E 07 zo.71 

TH=O 

22 ill.1 C.22051E 07 20. eo 
23 213.7 0.22342E 07 10.73 
24 216.3 3.22635E 07 1-o. 56 
25 218.9 0.22927Z 0 7 ?O. 73 
26 221.6 0.23219E 07 z3. c9 
27 224.2 0.235lOE 07 29.64 
28 226.8 0.23 BOlE 07 20.71 
29 229.4 0.24093E 07 20.65 
30 232.0 il. 24384F 07 3l.CO 
31 234.6 0.24675E 07 21.02 
32 237.3 0.24968E 07 20.86 
33 239.9 0.25261E 07 33. E2 
34 242.5 C.25552E 07 30.57 
35 245.1 0.25843E 07 20.77 
36 247.0 0.26134E 07 20.5t 

UNCERTAINTY IN REX=2 BZi31. 

01716 

F/D=10 *** 

PEE NTH 
011031lE 03 
OA2906OE 03 
CA48 86lf 03 
Cb6BC57E 03 
0;87280E 03 
3~10591E 04 
Oi12415E 04 
Oi14223E 04 
0 i16041E 04 
adi7a32E 04 
Ci19595E 04 
0~21348E 04 
tr22777E 04 
0 r23892E 04 
0124592f 04 
0 ;25282F 04 
0125965E 04 
Cd26645E 04 
Cb27316E 04 
0~27F83E 04 
0128650F 04 
C.293CEE 04 
Qb29954E 04 
Co30594E 04 
0431240E 04 
0131889E 04 
0132 535E 04 
Ci33183E 04 
Ci33829F 04 
0 r34477E 04 
0~34120E 04 
0~35752E 04 
0136386E 04 
Oi37021E 04 
CJ37652E 04 
CA38272E 04 

TINF= 23.03 DEG C 
xva= 13.0 CM 

STANTON NO 
0.36459E-02 
0.2FB37E-02 
0.2S717E-02 
0.27694E-02 
0.27734E-02 
0.255SlE-02 
0.2t453E-02 
0,25023E-02 
0.25107E-02 
0.23978E-02 
0.24447C-02 
0.23545E-02 
0.24395E-02 
0.24120&02 
0.2?861E-02 
0.224!36E-02 
0.233 74E-02 
0.23234E-02 
0.22763E-02 
0.23014E-02 
0.22713E-02 
0.22420E-02 
0.21849E-02 
0.22039E-02 
0.2228CE-02 
0,2219BE-02 
0. ii158E-02 
0.22253E-02 
0.22031E-02 
O-22393&02 
0.2175QE-02 
0.215EBE-02 
O.Z1851F-C2 
0.217COE-02 
0.21565E-02 
O.Z0969E-02 

OST 
0.799E-04 
0.741E-04 
0.738E-04 
0.723E-04 
0.722E-04 
0.707E-04 
0.713l+04 
0.701, E-04 
0.705E-04 
0.695E-04 
0.659E-04 
0.692E-04 
0.867E-04 
a. B71E-04 
O.B73E-04 
0. B49E-04 
0.84B E-04 
0. B43E-04 
O.BZOE-04 
0. B33E-04 
O.B17E-04 
0.824E-04 
0.806E-04 
O.BOlE-04 
O.B23F-04 
O.B53E-04 
0.76BE-04 
o.a59f+o4 
0.792E-04 
0.829E-04 
0.800E-04 
0.791E-04 
O.ij06E-04 
0.7BOE-04 
O.BlbE-04 
0. B60E-04 

UNCERTAINTY IA F=C.C5035 IN RATIO 

DREEN 
2. 
6. 

10. 
13. 
15. 
17. 
19. 
20. 
22. 
23. 
25. 
26. 
26. 
26. 
27. 
27. 
27. 
27. 
27. 
27. 
27. 
27. 
27. 
27. 
27. 
27. 
27. 
27. 
27. 
27. 
27. 
28. 
28. 
28. 
28. 
28. 

M F T2 THFTA DTH 

0.78 0.0063 20.92 0.083 0.028 
0.00 0.0063 30& 82 0.083 0.029 
0.78 0.0063 21110 0.099 0.028 
0.00 0.0063 3O&B2 0.099 0.029 
0.78 0.0063 21iO9 0.098 0.028 
0.~00 0.0063 3O&BO 0.098 0.029 
0.78 0.0063 21124 0.112 0.028 
0.00 0.0063 3Ob79 0.112 0.029 
0.78 0.0063 21J22 0.110 0.02B 
0.00 0.0063 30iB0 0.110 0.029 
0.78 0.0063 21126 0.114 0.028 



HUh 121674-2 **n CISCRETE HCLE RIti *** hAS-3-14336 STANTCN NUYBER CATA 

TAM= 19.63 CEG C u IPlf = 16.64 M/S TINF= 14.51 DEG C 
RI-C= 1.208 KG/M3 VISC= O.l4SllE-04 M2/!: XbC= 13.0 CM 
CP= 1011. J/KGK PP.= 0~726 

*** 290OSTEP75 M=O. 75 TH=l P/D=10 *** 

PLATE X 
1 127.8 
2 132.8 
3 137.9 
4 143.0 
5 148.1 
6 153.2 
7 158.2 
8 163.3 
5 168.4 

10 173.5 
11 178.6 
12 183.6 
13 187.5 
14 190.1 
15 192.7 
16 195.4 
17 198.0 
18 200.6 
19 203.2 
20 205.8 
21 208.5 
22 ‘211.1 
23 213.7 
24 216.3 
25 218.9 
26 221.6 
27 224.2 
28 226.8 
2s 229.4 
30 232.0 
31 234.6 
32 237.3 
33 239.9 
34 242.5 
35 245.1 
36 247.8 

REX 
0.12802E 0 7 
0.133bYE 07 
0.1393CE 07 
O.l451)2E 07 
0.15069E 07 
0.15636E 07 
0.16213E 07 
O.l67,70E 07 
0.1733)tE 07 
0.179D3E 07 
0.1847OE 07 
0.19037E 07 
J.194b8E 07 
0.19760E 07 
OaZilO5 iE 0 7 
0.20345E 07 
0.20638E 07 
0.20930E 07 
0.21222E 07 
0.21514E 07 
0.21806E 07 
0.22048E 07 
0.2239OE 07 
0.22603E 07 
0.22976E .07 
0.23268E 07 
0.235bOE 07 
0.23852E 07 
0.24144E 07 
0.24436E 07 
0.24728E 07 
0.25a2 1E 07 
0, 25=lfiE 07 
0.25iO;E 07 
0.25898E 07 
0.26190E 07 

TO 
11.55 
31.57 
.31.55 
21.59 
31.57 
21.57 
31.55 
31.57 
31.59 
21.59 
il. c3 
31.61 
fl.30 
21.09 
51.44 
31.44 
51.46 
31.44 
51.42 
21.44 
31.42 
31.47 
31.36 
31.28 
31.38 
31.34 
30.33 
21.36 
31.30 
21. t3 
%!1.t5 
31.44 
21.3c 
21.19 
21.40 
'1.21 

REE NTH 
0;97654E 02 
Gr27431E 03 
0~77672E 03 
O112712E 04 
C;l7526E 04 
0&22264E 04 
Ci26994E 04 
0.31690E 04 
0~36327E 04 
Oi40946E 04 
C r45434E 04 
0.49901E 04 
0&54080E 04 
015aoo6E 04 
C.58625E 04 
0.59240E 04 
;0.59855E 04 
C A60464E 04 
0161066E 04 
C161670E 04 
CIi62272E 04 
OL62 E65E 04 
0163452E 04 
0164031E 04 
0164615E 04 
0165207E 04 
Cb65788E 04 
.0~66370E 04 
0166956E 04 
Or67544E 04 
0168132E 04 
0&68709E 04 
OA69292E 04 
Oi69874E 04 
Oc70446E a4 
Q b71012E 04 

0.205455-02 

SlAhTCN NO 
0.344566-02 
0.27876E-02 

O.lS8 79E-02 

0.27609E-02 
0.25065E-02 
0,24254E-02 
0.224C.bE-02 
0.2204 7E-02 
0.21202E-02 
0.21389E-02 
0.20576E-02 

0.20978E-02 
0.2 130bE-02 
0.21065E-02 
0.21043E-02 
0.20993E-02 
Oa 2 C72 8E-02 
0.20414E-02 
0.2C935E-02 
0.20274E-02 
0.20275E-02 
0.199 36E-02 
0,19642E-02 
0.2C36bE-02 
0.20105E-02 
O.l9648E-02 
0.20212E-02 
O.l9891E-C2 
0.20371+02 
0.148 3’3E-02 
0.19645E-02 
0.20265E-02 
0,19535E-02 
O.l9614E-02 
O.l9144E-02 

CST 
0.702%04 
0.65OE-04 
0.649+04 
0.63OE-04 
0.625E-04 

0.6OclE-04 

0.614E-04 
0.612E-04 
0.606E-04 

0.597E-04 

0.607E-04 
0.6 02E-04 

0.742E-04 
0.759E-a4 
0.766E-04 
0.753E-04 
0.754E-04 
0.746E-04 
0.729E-04 
0.747E-04 
0.725E-04 
0.738E-04 
0.723E-04 
0.713E-04 
0.741E-04 
0.764E-04 
0.672E-04 
0.771E-04 
0.708E-04 
0.747E-04 
0.724E-04 
0.715504 
0.732E-04 
0.699E-04 
0.734E-04 
0.774E-04 

DREEN 

1;: 
17. 
22. 
26. 
30. 
33. 
36. 
39. 
41. 
43. 
45. 
46. 
4b. 
46. 
46. 
46. 
46, 
46. 
47. 
47. 
47. 
47. 
47. 
47. 
47. 
47. 
47. 

Z: 
47. 
47. 
47. 
47. 
47. 
47. 

H F T2 THETA DTd 

0.74 0.0060 32481 1.020 0.026 
0.00 0.0060 31h55 1.020 0.026 
0.75 0.0060 31159 1.000 0.026 
0.00 0.0060 3li57 1.000 0.026 
0.76 0.0061 31&55 0.998 0.026 
0.00 0.0061 31~55 0.998 0.026 
0.75 0.0061 31i48 0.992 0.026 
0.00 0.0061 31i59 0.992 0.026 
0.75 0.0061 31r14 0.963 0.026 
0.00 0.0061 31A63 0.963 0.026 
0.77 0.0062 3OA92 0.943 0.025 

UNCERTAINTY IN REX=2 8341. UNCERTAINTY Ih: F=X).05035 IN RATIO 



RUN 121674-l *** DISCRETE HOLE RI6 **+ NAS-3-14?3b STAN?ON NWBE'? DATA 

*** 2900STSP75 &C.'75 'TJ+=Q P/C<10 *** 

RUN 121674-2 *** DISCRETE HCLE RIG *** NAS-3-14336 , STANTCN NUMRER DATA 

*** 2900STEP75 C='O.75 TH=l P/D=16 *** 

LINEAR SUPERPOSITIJ~~ Is APPLIEC TO STANTON NUN~~R CATA fRnM 
RUN NUMBERS 121674-l Ah0 121674-2 10 neTPIN STAKTCh bUP6ER CCTP AT ';H=O AND TH=l 

PLATE REXCOL RE CEL2 STITH=O) KEXHOT 

1 1277451.0 
2 1334013.0 
3 1390575.0 
4 1447137.0 
5 1503695.0 
6 lEbJi61.') 
7 161sE23.0 
8 1673385.3 
9 1729947.0 

lU3.1 O.CO3646 1280184.0 
291.1 0.c030c1 lZ36867.0 
460.5 u.co2990 1393550.0 
624.2 O.CC2755 1450233.0 
782.7 O.CO2a12 1506916.0 
535.6 3.5C?2554 1563599.) 

1095.2 0.002693 1620292.0 
1233.4 J.Ci;2547 lt76965.Q 
1377-P 173364e.O 0.002558 

O-CO2441 
d.COi495 
3.CJi403 
J.CO24E5 
Q.CO244S 
O.C32423 
O.COi381 
).CO2?70 
3.002357 
J.CO23Ca 
3.OOiZi9 

10 17eb5C8.0 1519.1 
11 1843070.0 1658.8 

21 

12 

i17553e.o 

1899632.0 
13 1942620.0 
14 1571749.0 

22 2205C67.0 

15 2moe7e.3 
lb 2030149.0 
17 205942C.J 
19 2088549.0 
13 2ii767e. 0 
20 2146809.0 

23 2234196.0 
24 2263467.3 
25 2292139.0 
26 2521067.0 
27 2350996.3 
28 2390126.0 
29 2409256.0 
35 2439385.0 
31 2467514.0 
32 2496795.0 
33 2 E2bC56.0 
34 2555185.C 
35 2584314.0 
36 2613444.0 

1757.3 
1901.5 
1473.5 
2544.5 
2114.6 
i193.8 
2252.9 
2320.8 
2308.4 

1753331.3 
lf47C14.0 
1905-607.0 
154t77t.o 
157596e.o 
2OJ5160.3 
2034493.0 
206?826.0 
2053016.0 
2122210.0 
21514Cl.O 

2388.0 0.002210 

2456.0 

2238977.0 
2b52.e 

O.tO2304 2180593.0 

J.CO2236 2268310.3 
2718.3 O.CO2254 

2522.7 

2297643.0 
2703.9 

O.CC2271 

3. CO2248 

22CS785.0 

2326835.0 
2849.5 0.002249 2.356027.0 
2915.2 O.C022f? 2385219.0 
2980.5 0.002222 2414411.0 
3046.1 0.002266 244Si02.0 
3111.3 O.CG22Cl 2472794.0 
3175.2 O.GO2185 2502127.0 
3239.2 O.CO22Ct 2531461.0 
3303.5 0.002199 2560652.0 
3367.4 O.CO2185 2505844.0 
3430.2 O.CS2121 2619036.0 

PE DEL2 ST(TH=ll FTA STCQ F-COL 

57.7 C.003446 UU'J:JU 1.020 3.0050 
274.4 0.0'32792 0.070 0.792 0.0063 
770.3 0.002765 9.075 J.883 0.0063 

1259.2 C.C32509 0.102 0.890 0.0063 
1739.7 O.c)hJ2425: 0.137 0.946 0.0063 
2213.6 C.002240 Or136 3.912 0.'3063 
26E7.2 C.002204 5.182 0.992 0.0063 
'157 .3 :).JJ2119 ad.168 fJ.959 3:>063 
3623.5 t.oO2136 
4.Ja7.3 >.3)2J49 
454a.t u.o\)203e 
5or7.1 C.011967 
E444.2 c.032079 
5856.2 O.dO2115 
5517-e O.OJ2091 
557e.5 C.092091 
6.J'iY.S 3.332386 
t1co.5 O.UO2054 
tlbG.2 3.:>32D29 
t2iO. 3 C.012062 

01165 
?.lbl 
0.193 
0.181 
0.164 
0.137 
0.137 
3i122 
0.123 
0.126 
94121 
0.106 

0.939 0.0063 
3.967 fl.DOt3 
1.011 0.0063 
0.993 .I.3063 
1.941 
1.035 
1.033 
1.024 
1.327 
1.029 
1.915 
1.032 

t35 5.4 G.OL)lS9? 0.103 0.9$9 

t2eo.1 

c454.s 0.001951 

C.OJZOl4 9.126 

0.128 

1.02a 

1.017 
C513.C G.002026 0.101 

c33s.c 

1.032 
6571.9 

C.O3?015 0.112 

3.111t99 

1.020 

3.111 1.335 
6629.6 0.001951 0.133 1.042 
bte7.4 0.312310 3.138 1.:349 
674:. 7 c.001977 0.114 1.045 
b904.2 C.W2026 0.106 1.367 
CE62.6 c.001973 0.134 1.042 
t9iO. 0 G.c)019!4 01106 1.039 
c57a.c 0.002019 0.095 1.055 

- 7035.5 0.001941 3,117 l-J56 
7052-E C.~OlC50 3.107 1.355 
7149.1 0.001904 0.132 1.029 

STANTCN NUPBER RATIG BASEC ON ST+.PP**O.4=0.0295*REX**(1.- (xI/(x-xvol~*'rl.3J**o 

STANTON NUYBfP RATIO FCR TH=l IS CENVERTED TO CClPPARA8LE TRANSpIRATIZiN V4LJE 
LSING ALOGLl + BJ/9 EXPRESSION IN THE BLOLJN SECTION 

ST-iR =-ior L3G9 

0.964 
I.012 
1.065 
1.007 
1.005 
0.952 
Cl.958 
c.539 
0.962 
c.s37 
0.945 
0.925 
0.996 
1.009 
1.004 
1.009 
1.012 
1.004 
?.595 
1.026 
0.997 
1.003 
16.991 
0.979 
1.021 
1.012 
0.992 
1.026 
1.013 
1.042 
1.019 
1.013 
1.050 
1.@14 
1.022 
l.Or)l 

0.3033 J.9hC 
0.0060 1.992 
0.006:~ 2.300 
0. JO60 1.976 
0.0060 2.000 
0.0061 1.977 
0.3Otl 2.003 
0.0061 I.993 
0.3061 2.036 
O.DOtl 2.,>19 
o.oot1 2.042 
0.8062 2.;146 



RUN 092074 VELOCITY PPCFILE 

REX = 0.74658E 06 REM = l&48. 

xv0 = 10.07 CC. DEL2 = 0.2Yl CM. 
UINF = 9.78 Y/S DEL99= 2.4038 cn. 
VISC = O.l5419E-04 MZ/S DEL1 = 0.410 CM. 
PORT = 9 Ii = 1.407 
XLOC = 127.76 Clv. CF/2 = O.lki’dOE-02 

Y(CM. I Y/DEL U(M/S) U/UINF Y+ lJ+ 

0.025 0.011 3.31 0.338 6.9 7.87 
0.028 0.012 3.42 0.350 7.b 8.14 
0.030 0.013 3.57 0.365 8.3 8.50 
0.033 0.014 3.63 c.371 9.0 8.63 
0.030 0.016 4.01 0.410 10.4 9.54 

0.046 0.019 4.35 c.444 11.5 10.34 
0.056 0.023 4.79 0.489 15.2 11.3& 
O.C69 0.028 5.09 0.520 18.7 12.10 
0.084 0.035 5.38 c.550 22.9 12.80 
0.102 0.042 5.58 C-570 27.7 13.26 

0.122 0.051 5.79 
0.145 0.060 5.91 
0.170 0.071 6.15 
0.201 0.083 6.27 
0.236 0.090 6.38 

0.592 33.2 
0.604 39.5 
0.629 46.4 
0.641 54.7 
0.652 64.4 

13.7B 
14.05 
14.64 
14.91 
15.18 

0.277 0.115 6.53 C.667 75.5 15.52 
0.323 0.134 6.71 0.686 88.0 15.95 
0.373 0.155 6.86 C.701 101.8 16.31 
0.437 0.181 6.98 0.714 119.1 16.61 
0.513 0.213 7.16 0.732 139.9 17.03 

0.615 0.255 7.40 0.756 167.6 17.59 
0.742 0.308 7.64 0.781 202.3 18.16 
0.894 0.371 7.95 0.813 243.8 18.Yl 
1.046 0.435 8.17 C.835 285.4 lY.44 
1.199 0.498 0.40 0.859 326.9 19.98 

1.351 0.561 8.63 0.882 368.5 20.52 
1.504 0.624 ii.86 C-906 410.1 2l.Ob 
1.656 0.688 9.03 0.923 451.6 21.48 
1.808 0.751 9.21 0.942 493.2 21.91 
1.961 0.814 9.38 0.959 534.7 22.31 

2.113 0.878 9.50 
2.266 0.941 9.62 
2.418 1.004 9.71 
2.570 1.067 9.75 
2.723 1.131 9.78 

0.971 57b.3 22.60 
0.963 617.0 22.87 
0.992 659.4 23.Otl 
C.997 701.0 23..20 
1.000 742.5 23.26 



RUN 052074 **jr+ DISCRETE HOLE RI6 *a* NAS-3-14336 STANTON NUMBER DATA 

ld;B= 23.61 UEG C UIUF= 3.73 ws 
z 1.177 KG/M3 Y !SC= 0.15619E-04 WZ/S 

CP- 1015. J/iGK PR= OJ717 

4%* 1900STEPFP P/cl=5 +3, 

FLATE X REX TO 
1 127.5 0.78737E 36 37.96 
2 132.8 C.EPS58E 06 37.20 
3 137.9 0.85178F 06 37.2C 
4 143.0 3.83398E 06 97.16 
5 148.1 0.91619E 06 37.16 
t 153.2 0. S4039E 06 37.20 
7 158.2 0.9ao5JE 06 37.13 
8 163.3 0. 101.28E 3 7 37.16 
9 160.4 O.l045r>E 0 7 .37.16 

10 173.5 0.10772E 07 37.16 
11 178.6 0.11094E u7 27. lb 
22 183.6 0.11416E 07 37.20 
13 183.5 0.1166lE 07 27.16 
94 190.1 0.118a7E 07 37.07 
25 192.7 Oo11993E 07 37.37 
16 is5 04 0.12154E 07 27.35 
17 198.0 l). 1232tE 07 37.33 
18 200.6 0.124'3'2E 07 37.?3 
1F 203.2 0.12658E 07 27.21 
20 205.8 0.12823E 07 37.43 
21 208.5 0.12989E 07 37.37 
22 211.1 0.13155E 07 27.45 
23 213.7 0.13321E 07 37.39 
24 216.3 0.13488E 07 37.45 
25 218.9 0.13654E 07 z7.43 
26 i21.6 0.13@2JE 07 37.11 
27 224.2 0.139BbE 07 36.31 
20 225.8 0.1415x 07 27.37 
29 229.4 O.l+318E 07 37 . 30 
3c 232.C 0.14483E 07 37.ce 
?l 234.6 G.146495 07 37. ta 
32 i37.3 0.14816E 07 37.56 
3; 233.5 3.1433,F 07 37.:1 
34 242.5 0.15113L' 07 37 . ?O 
35 245.1 1.15:14: 31 27.49 
36 247.8 U.lj4S~)c 07 ?7.14 

I;EENTH 
O&6565% 02 
ObP8724E 03 
0.2962bE 03 
Ca4CcalE 03 
0150159E 03 
GJ59833E 03 
0369291E 03 
ad78585E 03 
0 r87605E 03 
0 s96433F 03 
Ci105C7E 04 
OA11354E 04 
Oil1Fe7E 04 
0 AP 2406E 04 
Gi12814E 04 
0113211E 04 
Or13609E 04 
0 114004E 04 
Ci14353E 04 
0.14761E 04 
04151671: 04 
C:15547E 04 
0.15924E 04 
Ci16301E 04 
0616678E 04 
0: 17C51E 04 
0 rl7432E 04 
0117809E 04 
0.18179E 04 
0.18551E 04 
O.la917E 04 
0~1927Bf 04 
Cb'lS640E 04 
c .20002k 04 
:3.2035SF 04 
C.20712r 04 

TINF= 23.57 OEG C 
xvo= 3.6 CM 

STANTON NO 
0.407 78 E-02 
0.3473 1E-02 
0. ?297CE-02 
0.31954E-02 
0.30636+02 
0.29447502 
0.252e8E-02 O.l02E-03 
0.2@434E-02 0.101 E-03 
0.275E6E-02 0.1 OOE-03 
0.27241E-02 0.999E-04 
0.2t3S6E-02 0.989E-04 
0.26182E-02 0.985E-G4 
0.25477E-02 O.l02E-03 
0.25045E-02 O.l03E-03 
0.24022E-02 O.lOOE-03 
0.2389h9E-02 0.9e3E-G4 
0.23935E-02 0.985E-04 
0.2364 7E-02 0.978'-04 
0.232995-02 0.951E-04 
0.23410&02 0.964E-04 
0.23024E-02 0.943E-04 
0.22817+02 0.45bE-04 
O-22546+02 0.935E-34 
0.22834%02 0.962E-04 
0.22599602 0.946E-C4 
0.22380E-02 0.983E-04 
0.23425E-02 0.913E-04 
3.22371E-02 3.982F-04 
0.22524E-02 0.919E-04 
1.22182s02 0.949E-34 
o.zIeeeE-02 G.S22F-04 
0.21700E-02 0.915E-34 
0.21973E-C2 C.922F-04 
0. i1705?-02 0.89lF-C4 
0.21?3Ef-02 0.937F-04 
LI.ZlllO"-02 O.l02f-03 

OST 
O.llBE-03 
0.109&03 
O.l07E-03 
O.lOBE-03 
O.l04E-03 
O.l02E-03 

DREEN 
2. 
3. 
4. 
5. 
5. 
6. 
6. 
7. 
7. 
7. 
8. 
8. 
8. 
9. 
9. 
9. 
9. 
9. 
9. 
9. 
9. 
9. 
9. 
9. 
9. 
9. 
9. 
0 , . 

10. 
13. 
10. 
10. 
10. 
10. 
10. 
10. 

STtVHEOI RAT13 
3.34758E-02 1.173 
0.30647E-02 1.133 
0.28851E- 02 1.143 
0*27696E-02 1.154 
0.26842E-02 1.141 
0.26165E02 1.125 
0.25604F02 1.144 
3.25123E-02 1.132 
0.24704E-02 1.117 
3.24331E-02 1.120 
0.23995E-02 1.100 
0.23690E-02 1.105 
0.23476E-02 1.065 
0.23338E-02 1.073 
0.23205E-02 1.035 
0.23077E-02 1.036 
0.22954E-02 1.043 
0.22835E-02 1.036 
0.22721E-02 1.025 
0.226 lOE-02 1.035 
0.22503E-02 1.023 
0.22399 E-02 1.019 
0.22298E-02 1.011 
0.222ooE-02 1.029 
0.22104E-02 1.022 
0.22012E-02 1.0 17 
0.21922E-02 I.069 
0.21835E-02 1.011 
0.21749E-02 1.036 
0.21666E-02 1.024 
0.21585E-02 1.014 
3.21506E-02 1.009 
0.21428E02 1.021 
0.21352E-02 1.017 
0.21278E-02 1.003 
0.21206t-02 0.995 



RUN C92274-1 '.+.(i DI SCRRETE HGLE RI F *** NAS-3-14336 STANTON NUYBER DATA 

TALE!= 21.22 DFG C UI!JF= 5.79 M/S 
SHO= 1.183 KG/M3 V ISC= O.l5274E-04 HZ/S 
CP= 1012. J/KGK PR= 0.716 

t** 1903STEP40 M=D.4 TH=C P/D?5 *** 

PLATE X RE X TO 
1 127.8 0.79629E 06 35.41 
i 132.8 G.E2886E 06 35.41 
3 137.9 0.86143E U6 35.39 
4 143.0 0.8940OE 06 35.35 
5 148.1 0. SZtS7E 06 35.39 
6 153.2 0.95913E 06 35.37 
7 158.2 0.99 173E 06 ;35.57 
8 163.3 0.102+3E 07 35.39 
9 168.4 0.1356EE 07 35.37 

10 173.5 0.10894E 07 (35.35 
11 178.6 0.11220E 07 35.35 
12 183.6 0.11545E 07 35.35 
13 lE7.5 0.11793E 07 34.93 

v 14 190.1 0.11961E 07 34.95 
Y 15 192.7 0.12128E 07 35.30 

it 195.4 0.12297E 07 35.3D 
17 198.0 0.12465E 07 35.31 
18 200.6 0.12633E D7 35.33 
19 203.2 O-128.0 1E 0 7 35.35 
20 205.8 0.12969E 07 35.47 
21 208.5 0.1313CE 07 35.45 
2i ill.1 3.13304E 37 35.52 
23 213.7 0.13472E 07 35.49 
24 216.3 0.1364ilE 07 15. SE 
25 218.9 0.13809E 07 35.52 
26 221.6 0.13977E 07 
27 224.2 0.14144E 07 
28 
29 
30 
31 
32 
33 
34 
35 
3c 

226.8 
229.4 
232 .O 
234.6 
237.3 
239.9 
242.5 
245.1 
247.8 

0.14312E 07 
0.14480E 07 
0.14648E 07 
0.14815E 07 
0.14984E 07 
0.15 152E 07 
0.15320E 07 
0.15488E 07 
0.15656E 07 

35.39 
34.46 
35.47 
35.39 
35.75 
35.75 
35.66 
35. to 
as. 39 
35.52 
25.16 

UMERTAINTY IN REX=lt284. 

PEENTB 
0.69342E 02 
Oil9786C 03 
CA339C7E 03 
0.48597E 03 
Odb253SE 03 
OL76094E 03 
0 ~89393E 03 
0~10295t: 04 
011162OE 04 
011293OE 04 
Ca14225E 04 
C.155C7E 04 
0116550E 04 
Oi16S74E 04 
Ob 17371E 04 
Oil7755F 04 
0118134E 04 
J118505E 04 
0~10864E 04 
0119219E 04 
C,19568E 04 
0319910E 04 
0120247E 04 
C120581E 04 
OiZOFlZE 04 
0121242F 04 
Oh21581E 04 
0.21916E 04 
OA22246E 04 
0122570E 04 
OA22904F 04 
Oi23229E 04 
0123554E 04 
OA23879E 04 
0124200E 04 
OL245lEE 04 

TINF= il.18 DEG C 
xvc= 3.6 CP 

STAhTCN NO DST 
0.42583E-02 O.llbE-03 
0.3634QE-02 0.107E03 
0.344ESE-02 O.l05E-03 
0.32402E-02 O.l02E-03 
0.3130%-02 O.lOlE-03 
0.30295’-02 0.997E-04 
0.25796E-02 0.991E-04 
0.29006E-02 0.981E-04 
0.2E074E-02 0.971G04 
0.2E207F-02 0. S73E-04 
0.27642E-02 0.967E-04 
0.25825E-02 0.946E-04 
0.261EIlE-02 O .lOZE-03 
0.24302E-02 0.995E-04 
0.23014E-02 0.957E-04 
0.226eZE-G2 0.930E-04 
0.22405E-02 0.922E-04 
0.21774E-02 0.903E-04 
0.2 10 WE-02 0.867E-04 
0.21075E-02 0.872504 
0.2052 @E-02 0.849 E-04 
0.2025 lE-02 0.857E-04 
0 .lS832E-02 0.833E-04 
O.l9965E-02 0.853E-04 
O.lS4@5E-02 0.831E-04 
O.l57S6E-02 0.678E-04 
0.20544E-02 0.813E-04 
O.l5373E-02 0.874E-04 
0. k4939E-02 0.822E-04 
O.l9572E-02 0.849E-04 
O.lS362E-02 0.825E-04 
O.l92EiT-02 0.824E-04 
O.l9457E-02 0.829E-04 
0.15184E-02 0.799E-04 
O.l904LE-02 0.84BE-04 
O.l882'8E-02 0.935E-04 

UNCERTAINTY IN F10.05299 IN RATIO 

DREEN 
2. 
6. 
9. 

11. 
13. 
15. 
16. 
18. 
19. 
20. 
21. 
22. 
23. 
23. 
23. 
23. 
23. 
23. 
23: 
23. 

:33: 
23. 
23. 
23. 
23. 
23. 
23. 
23. 
23. 
23. 

2233: 
23. 
23. 
23. 

M  F T2 THE14 

0.40 0.0 .28 22406 0.062 
0.39 0.0 .27 22i49 0.092 
0.39 0.0 L27 22i40 0.066 
0.39 0.0 127 22A39 0.085 
0.38 0.0 -23 22142 0.088 
0.39 0.0 .25 22456 0.098 
0.39 0.0 -26 22A54 0.096 
0.39 0.0 -25 22155 0.097 
0.37 0.0 .21 22&57 0.098 
0.39 0.0 .26 22L58 0.099 
0.39 0.0 .25 22J5i3 0.099 

Dfi 

0.022 
0.021 
0.022 
0.022 
0.022 
0.021 
0.021 
0.021 
0.022 
0.022 
0.022 



RUN 092274-2. l t* 

TAO(B= 21.74 DEE C 
RHOr 1.181 K6/R3 
CP= 1013. J/KGK 

#$I 1900STEP40 

PLATE X REX 

DISCRETE HCLE RI6 *** N AS-3- 14336 STANTON NlMBER DATh ‘I .I ,.’ 

U INF- 9.82 M/S 
VISC= 0.15321E04 H2/S 
PR= Oh716 

HrO.4 TH= 1 P/D+5 f** 

TINF= 21.70 DEG C 
x vo= 3-6 CM 

H F T2 THETA it i TO REENTH STANTON NO OST 
OA63026E 02 0.3E7O.tH+02 0.102E-03 

DREEN 
2. 

10. 
la. 
23. 
27. 
31. 
34. 
36. 
39. 
41. 
43. 
45. 
46. 

a:: 
46. 
46. 
46. 
46. 
46. 
46. 
46. 
46. 
46. 
46. 
46. 
46. 
46. 
46. 
46. 
46. 
46. 
46. 
46. 
46. 
46. 

1 127.8 0.79ti8E 06 38.10 
2 132.8 0.82895E 06 38.10 
3 137.9 0.8bl52E 06 38.11 

0.35 0.0115 36~65 0.912 
0.37 0.0121 37J21 0.945 
0.36 0.0117 37A30 0.950 
0.36 0.0115 37U3 0.910 
0.36 0.0118 37bO0 0.932 
06a2 0.0103 36L94 0.92a 
0.32 0.0105 37&M 0.984 

0.019 
0.019 
0.019 
0.013 
0.019 
0.019 
0.019 
0.019 
06019 
Oh019 
0.018 

OIllk52E 03 
0160502E 03 

0.2976OE-02 0.894E-04 
0.2531bE-02 O.a40E-04 
0.21143E-02 0.796E-04 

O.l6089E-02 

O.l9744E-02 0.782E-04 

0.749E-04 

O.l7aESE-02 0.765E-04 
0.17732E-02 0.764E-04 
O.l69e5E-02 0.757E-04 

O.l558OE-02 0.745E-04 

4 
5 

P 
a 
9 

10 
11 
12 
13 
14 
15 
16 

:i 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

143.0 0.89489E 06 
148.1 0.926bbE 06 
153.2 0.95924E 06 
158.2 0.991alE 06 
163.3 0.10244E 07 
168.4 0.10570E 07 
173.5 O.lOBhlSE 07 
178.6 0.11221E 07 
183.6 0.115I7E 07 
187.5 0.11744E 07 
190.1 0.11962E 07 
192.7 0.12130E 07 
195.4 0.12298E 07 
198.0 0.12467E 07 
200.6 0.12635E 07 
203.2 0.12802E 0 7 
205.8 0.129dOE 07 
202.5 0.13238E 07 
211.1 0.13306E 07 
213.7 0.13433E 0 7 
i16.3 3.13t42E 07 
218.9 0.13810E 07 
221.6 0.13W8E 07 
224.2 0.14146E 07 
226.8 0.14314E 07 
229.4 0.14481E 07 
232.0 0.14649E 07 
234.6 0.14817E 07 
237.3 0.14905E 07 
239.9 J.15154E 07 
242.5 0.15322E 0 7 
245.1 0.15489E 0 7 
247.8 0.15657E .07 

58.11 

38.13 0130690E 04 

011053lE 04 
38.11 0114825E 04 
38.11 

38.13 

0118863E 04 

0 h34445E 04 

38.11 Ob23123E 04 
38.11 Oi26804E 04 

0.33 0.0106 37L15 0.940 
0.37 0.0120 36A67 0.911 

38.15 Oj38513E 04 
ae. 19 0142 068E 04 
17. E3 0.45936E 04 
37.73 0&46191E 04 
38. C6 0.46437E 04 

O.I5116E-02 0.741E-04 
0.14042E-02 0.73 lE-04 
O.l5212E-02 0.637E-04 
O.l5103E-02 0.665E-04 
0.14265F02 0.643E-04 
O.l4356E-02 0. b33E-04 
0.1444.kE-02 0.637E-04 
O.l4194E-02 0.632E-04 
0.14077E02 0.614E-04 
0.141975-02 0.622E-04 
O.l3703E-02 0.609E-04 
O.l4045E-02 O.b28E-04 
O.l3758E-02 0.615E-04 
O.l3813E-02 0.632E-04 
O.l3576E-02 0.619E-04 
O.l429aE-02 0.65aE-04 
O.l4232E-02 0.602E-04 
3.13786E-02 0.654E-04 
O.l4213E-02 0.620E-04 
O.l4478E-02 O.b54E-04 
O.l4067E-02 0.636E-04 
O.l4535C-02 0.645E04 
O.l4369E-02 0.644E-04 
c).14464E-02 0.627E-04 
O.L4350E-02 0.669E-04 
O-14357!!-02 0.734E-04 

0.32 0.0105 36153 0.901 
0.37 0.0120 36&56 0.901 

38.06 
38 ..Ob 
38.06 
30.04 
38.13 
18.13 
38.10 
38.08 
38.19 
38.13 
37.54 
37.28 
38. C6 
37.98 
38.21 
58.23 
38.04 
38.02 
37.81 
37.92 
37. to 

0146678E 04 
0,46919E 04 
0.4716oE 04 
JA47397E 04 
0147635E 04 
0.47869E 04 
0148102E 04 
0.48336E 04 
0148 567E 04 
OA48797E 04 
Ci49031E 04 
OL4927OE 04 
0149504E 04 
C A49739E 04 
D1499aOE 04 
Cd5022oE 04 
0 L504bOE 04 
0150703E 04 
015094.5E 04 
01521a7E 04 
0.51428E 04 

UNCERTAINTY IN F=O.O5296 IN RATIO UNCERTAIKTY IN RZX=loZ86. 



15 1212840.0 
lb 1229694.0 

PLATE E XCOL RE DEL2 ST(TH=O) REXHOT RE DEL2 STtTH=l) ETA 

: 796292.0 69.3 0.004258 796377.3 63.C 0.003070 UUUJU 
a28861.1 198.6 0.0036E2 020948.9 173.4 0.332940 0.210 

t 061429.3 893997.5 
316.1 0.003532 061520.6 634.4 0.002455 0.305 
428.3 0. co3357 094092.3 1131.7 5.012346 0.391 

5 926565.7 535.8 O.Co324t 926663.9 1547.7 0.001900 0.415 
6 959133.9 640.1 0.00?156 959235.6 1981.4 0.001695 Or463 
7 s91702.1 742.2 o.co3113 951807.3 2420.2 C.001673 0.463 
0 1024270.0 042.3 O.CO3036 1024378.0 2009.7 O.3J1637 3~461 
9 1056838.0 939 .b O.OOi941 1056950.0 3202.7 C.001556 01471 

10 1009406.0 1035.9 0. CO2969 1009522.0 3555.4 0.001444 0.514 
11 1121975.0 1131.7 o.cc2519 1122093.0 4032.5 C.001366 0.532 
12 1154543.0 1223.7 3.CO2728 1154665.0 4417.5 0.001255 0.539 
13 1179295.0 1291.2 3. CO2754 1179420.0 4039.3 O.Od1386 0.497 
14 1196067.0 1335.7 O.CO2544 1.196194.0 48tZ.i c.001397 0.451 

1377.3 ~.OOi410 1212960.0 4885.5 3.3)1>19 1.453 
1417.5 0.002371 1225824.0 4907.7 'I.001332 0.438 

17 1246548.0 1457.0 0. CO2339 Lc?hb8~.~ 493J.2 3.131346 ?.425 
18 1263320.0 1495.7 3.002271 1262454.0 4952.7 C.OOl32t 0.41t. 
19 1280093.0 1533.2 O.COZl96 1280229.0 4974.9 0.351321 0 -390 
20 1296866.0 1570.1 3.CO2193 1297003.0 4457.2 c.051335 0.391 
21 1313639.0 1606.4 il.COil37 1313770.0 5319.2 C.OOl28t 0.398 
22 1330411.3 1642.3 3.CJ2102 1330552.3 5041.2 O.OJ1328 0.368 
23 1347104.0 1677.0 O.CO2058 1347327.0 5ot3.i C.~Ol301 0.360 
24 1364C30.0 1711.6 l . :OZC7? 13C4182.0 50E5.1 c.301305 3.370 
25 1300892.0 174b.O 0.002022 13e1039.0 5LC6.9 O.OO1205 0.364 
26 1397tt4.0 1709.2 0. CC2047 1397013.0 5125.1 C.111362 3.334 
27 1414437.0 1815.3 O.CO2134 1414507.0 5151.8 (1.001334 0.375 
20 1431210.0 le50.0 J.OO2OCE 1431361.O 5174.: c . I 7 1 3 1 7 3.347 
29 .1447982.0 lEe4.2 o.co20t5 1448136.0 5156.3 0.001351 0.346 
30 1464755.0 1918.S 0.002020 1464510.0 5213.3 C.L)~)1305 0.314 
31 1481528.0 1952;3 0.c02002 1481685.0 5242.2 C.OJ1341 0.330 
32 1490302.0 1985.8 O.CO1980 1430540.0 5265.2 O.'lJ1395 0.298 
23 151523t.0 2019.4 O.CO2009 1515396.0 52E8.4 0.001374 0.316 
34 1532000.0 2052.0 0.001977 1532171.0 5311.6 0.00138E 0.298 
35 1548781.0 2085.9 3.0019t3 1548945.0 53Z4.E O.JJl377 0 -298 
36 1565554.0 2110.6 O.C0193-8 1565720.0 5350.C c.c01301 0.280 

1.044 
J.8t9 
0.933 
-1.955 
0.976 
0.992 
1.015 
1.3i2 
1.017 
1.352 
1.057 
1. OOA 
1.332 
0.962 
5.919 
0.912 
0.937 
0.067 
J.964 
O.Ri.9 
0.053 0.573 
J.845 0.534 
0.832 
0.844 
0.028 
0.843 
0.054 
.,.A36 
0.065 
3.851 
0.849 
0.84t 
d.059 
O.a5O 
5.040 
0.041 

RUN 092274-l +++ DISCRETE H(XE RI6 *** NAS-3-14336 STANTCN NUYBER OArh 

*** 19OOSTEP40 Pro.4 TH=O P/C=5 *** 

RUN 09227+-t *** DISCRETE HCLE RIE *** NAS-3-14336 $tANTEN NUYBFF OATA 

*** 19OOSTEP40 kO.4 Tl-=I P/O=5 *et 

LINfAR SUPERPOSITION I5 APPLIEC TO STANTON NW@ER CATA FROC 
RUN NUn9ERS 052274-l ANO G92274-2 TO OBTAIN STANtCk NUYEER CPTA AT TH=O AND TH=l 

F-C’IL ST-IR 

0.0000 
0.11128 
0.0127 
9.0127 
0.0127 
3. 9123 
0.012s 
0.0126 
0.0125 
O.i)121 
0.0126 
0.0125 

6.949 
0.950 
0.852 0.3121 2.360 
c.743 5.3117 2.223 
0.709 
@.C49 
C.654 
C.653 
0.631 
c.535 
0.57O 
0.532 
0.571 
C.600 
0.569 
0.579 
c.597 
0.502 
2.593 
0.591 

0.584 
0.589 
0.582 
0.620 
0.610 
O.Ul 
o.c22 
c. 640 
0.623 
C.650 
O.t42 
0.651 
o.t40 
0.652 

---lClf LOG0 

Cl.1303 0.949 
0.0115 2.346 

0.0115 2.199 
3.3118 2.17t 
h-3103 2.048 
0.3135 2.?06 
O.JlOb 2.386 
3. 1123 2.2le 
O.Olrl5 2.327 
0.0127 2.151 

I ST4NTCN hUM0ER RATIO BASEC ON ST*PP**O.4=0.0295*REX**(-.2~*(1.-(XI/(X-XVO))**O.9)**(-1./9.) 
; ; . . ‘. . .. 

STANTCN RUMAER RATIO FOR rH=l IS CCNVERTEO TO COMPARABLE TRANSPIRdTION VALUE 
LSIhG ALOGtl + RI/B EXPRESSICh Ih: THE BLOWN SECTIOh 



RUN OQC874 VELOCIIY PFCFILE 

REX = 0.241C7E 07 REM = 4720. 

XVI-I = 17.81 cc. DFLZ = O.Ll5 CM. 
UINF = 34.19 H/S OEL99= 1.914 LIM. 
VISC = O.l5594E-04 M2/S DEL1 = O.L43 CM. 
PORT = 9 H q 1.3.s 
XLOC = 127.76 CC. cl=/2 = O.L5‘+2 lE-LIZ 

YICM. I 

0.025 0.013 
0.028 0.015 
0.030 0.016 
0.033 0.017 
0.038 0.020 

17.30 
17.69 
18.12 
18.37 
18.77 

0.506 21.9 lL.80 
0.517 24.1 13.lcl 
0.530 ;Zb.L 13.-s 
0.537 ,?b.‘t 13.bO 
c.549 32.8 13.98 

0.043 0.023 19.18 C.561 37.2 14.Lh 
0.051 0.027 19.63 0.574 43.1 14.62 
0.061 0.032 20.03 0.586 52.5 14.9L 
0.074 0.038 20.43 C.598 63.4 15.ii 
0.089 0.046 21.02 0.615 76.5 15.06. 

0.107 0.056 
0.127 0.066 
0.150 0.078 
0.175 0.092 
0.206 0.107 

21.52 C.629 91 .u 
21.97 C.643 109.3 
22.39 C.655 123.0 
23.0 1 C.673 150.9 
23.28 C.681 177.1 

lb.03 
lb.37 
16.6b 
17.14 
17.34 

0.241 0.126 23.96 C.701 2J7.d 17.d5 
0.282 0.147 24.55 0.718 2+L.7 lLl.24 
0.356 0.186 25.33 0.741 31)b .2 lb.d7 

0.411 0.215 25.87 0.757 354.3 19.27 
0.475 0.248 26.51 c.775 408.9 lY.75 

0.544 0.285 27.09 c.793 470.2 2O.i.d 
0.622 0.325 27.72 0.811 S33.8 20.64 
0.711 0.372 28.32 0.628 612.3 Ll.OY 
0.813 0.425 29.08 C.851 693.3 21.66 
0.927 0.484 29.8C 0.872 796.2 22.20 

1.054 0.551 30.5t 0.894 907.5 22.76 
1.181 0.617 30.94 0.905 1015.‘) 23.35 
1.308 0.683 31.96 0.935 112b.2 Zj.dO 
1.43s 0.750 32.53 0.951 1235.6 24.2> 
1.562 0.816 33.05 C.967 1344.9 24.62 

1.689 0.883 33.37 C.S76 1454.3 24.06 
1.816 0.949 33.73 0.986 1563.6 25.12 
1.943 1.015 34.03 0.995 1672.9 L’j.j4 
2.070 1.082 34.14 C.999 17d2 .> 25.43 
2.197 1.148 34.19 1.000 1891.6 23.47 

y/nFL UIM/Sl UlLINF Y* u+ 



GW 090874 *e* 3ISCRETE HCLE RIG *** NAS-3-14336 FTbYTON NUYSFR DATA 

lACB= 26.38 DEG C UIJF= 34.25 F/S 
FHO= 1.169 KG/M3 v, ISC = 0.15t20E-34 MZv/S 
CP= 1014. J/KGK PR= 

*** 47COSTEPFP P/D=5 *** 

PLATE X REX TO 
1 127.8 0.24108% 07 35.64 
2 132.8 0.25222E 07 35.t4 
3 137.9 0.26335E 07 z5.t4 
4 143.0 C.27449E 07 25.66 
5 148.1 0. ia563E 07 35. tb 
6 153.2 0.29677E 07 35.64 
7 158.2 !).35791f 07 25.t4 
8 163.3 0.31904E 07 835. tb 
9 168.4 i).33i)18E 37 55. t4 

10 173.5 C.34132E 07 ?5,t4 
11 179.6 0.3524tE 07 35.64 
12 lE3.6 0.35359E 07 25.62 
13 187.5 0.37206E 07 35i26 
14 190.1 0.37780E 07 35.1c 
15 192.7 3.33353E 37 25.45 
16 195.4 0.38929E 07 35.43 
17 198.0 0.395CbE 07 15.43 
18 200.6 0.40079E 07 35.41 
1s 203.2 0.40E53E 07 35.59 
20 205.8 0.41227E 07 35.47 
21 208.5 0.418OOE 07 35.41 
22 211.1 0.42374E 07 35.45 
22 213.5 0.42547E 07 35.41 
24 ilb.3 3.4352itE 57 25.52 
25 218.9 0.44101)E 07 25.45 
26 221.6 0.44674E 07 35.41 
27 224.2 5.45247E 57 24.19 
28 226.8 0.45021E 07 35.35 
29 229.4 0.4639% 07 25.30 
30 232.0 0.469.68E 07 15.7c 
31 234.6 0.47542E 07 25.68 
32 237.3 3.48118E 37 25.51 
33 239.9 0.48695E 07 35.51 
34 242.5 0.49268E 57 25.20 
35 245.1 0.49842E 07 35.49 
3t 247.8 0.50415E 07 ?5 -31 

01717 

REE NTH STAhTC'k IrC DST 
Oi16943E 03 1).30424E-02 0.557E-04 
0148 8bbE 03 3.269OlE-02 C.519E-04 
Ci78162E 03 0.25706E-02 0.50bE-G4 
0110608E 04 a.24422602 0.492E-04 
0,132SBE 04 0.2389CE-C2 0.487E-04 
0,15931t 04 0.23413E-02 0.483604 
Cil8ElOE 04 0.228SlE-02 0.478E-04 
0.21024i 04 0.22253E-02 0.471E-04 
Ci23482E 04 0.21875E-02 3.4686-04 
0&25892E 04 0.21413E-02 0.464E-04 
012825CE 04 0.21391E-02 !I .461E-04 
0*305@lE 04 3.20607E-32 3.4575-04 
OA32279E 04 C.l917CE-02 O.b73 E-04 
Oi33385E 04 O.l93ilE-02 O.b84E-04 
Ci34490E 04 0.19178%02 O.b87E-04 
C.35587F 04 O.l9006E-02 O.b74E-04 
0136678E 04 9.19304E-02 C.b75E-04 
0.377b8E 04 O.lE9bCE-02 O.b74E-04 
0~38f4bE 34 0.1.?562!!-02 O.b5bE-04 
0.39S18E 04 O.lE7E5!-02 O.b67E-04 
0&40987E 04 O.l8424F-02 O.b51F-04 
C.42044E 04 O.lE3SEE-02 0.658E-04 
0.4309lC 04 0.1E075E-02 O.b41E-04 
C144139E 04 O.l84C4E-02 O.bbOE-04 
CL45 19bE 04 O.l@424E-C2 O.b55E-04 
Oi4624BE 04 O.lf!212E-02 O.b78E-04 
a i47268E 04 .1,17317E-Co2 3.594E-04 
C.48254E 04 0. ie412f-02 O.b8bE-04 
Oi49329E 04 D.l7616E-02 O.b21E-04 
C1503bOE 04 0.1@3125-C2 O.bbOE-04 
0.51401E 04 O.l7919E-02 O.b40E-G4 
Oi52422E C4 0.17647E-02 O.b28E-04 
0;53438E 04 O.l7729E-02 0.638’-04 
0;54451E 04 O.l7569E-02 0.617E-04 
0155465E 04 0.177355-02 O.b47E-04 
0 rSb479E 04 O.l7592E-02 0.674E-04 

TIhF= 25.86 DEG C 
xvo- 17.0 c." 

DR EEN 
3. 
5. 
7. 
8. 

1:: 
10. 

::: 
12. 
13. 
13. 
14. 
14. 
14. 
15. 
15. 
15. 
lb . 
lb. 
lb. 
lb. 

:t: 
17. 
17. 
17. 
18. 
18. 
18. 
18. 
18. 
19. 
19. 
19. 
19. 

STtfHEOI 
0.274 24E-02 
0.24169E-02 
0.22743E-02 
0.21823E-02 
0.21143E-02 
0.206 02E-02 
0.20153E-02 
0.197696-02 
0.19434E02 
O.l9135E-02 
O.l8867E-02 
3.186 23E-02 
0.1845 lE-02 
O.l8341E-02 
0,.18234E-02 
O.l8132E-02 
O.l8033E-02 
O.l7938E-02 
O.l7847E-02 
0,17758E-02 
O.l7672E-02 
O.l7589E-02 
0.17509F02 
O.l743OE-02 
O.l7354E-02 
0,17280E-02 
O.l7208E-02 
O.l7138E-02 
O.l7070E-02 
O.l7003E-02 
O.l6939E-02 
O.l6875E-02 
O.l6813E-02 
O.l6753E-02 
O.l6694E-02 
0.166 36E-02 

RAT13 
1.109 
1.113 
1.130 
1.119 
1.129 
1.136 
1.136 
1.126 
1.126 
1.119 
1.118 
1.107 
1.039 
1.053 
1.052 
1.048 
1.054 
1.057 
1.050 
1.058 
1.043 
1.046 
1.032 
1.056 
1.062 
1.054 
1.006 
1.074 
1.032 
1.077 
1.058 
1.046 
1.054 
1.049 
1.062 
1.057 



RUN 091474 *** JISCRETE HCLE RIG *** NAS-3-14336 STbNTON NUMBER DATA 

TACB= 26.15 DEG C UINF= 34.u M/s 
RHO= 1.17 1 KG/M3 VISC= O.l5579f-04 M2/S 
CP= 1015. J/KGK PR= 01717 

*** 4700STEP40 Y=O.4 TH=C F/D=5 *** 

PLbTE X REX 
1 127.8 0.241lLE 07 
i 132.8 3.2:22s iI7 
3 137.9 0.26339E 07 
4 143.0 0.27453E 37 
5 143.1 0.28567E 07 
6 153.2 0.29681f 57 
7 158.2 0.30795: 07 
8 163.3 0.31SCBE 07 
9 168.4 0.331322E 07 

10 173.5 0.34136F 07 
11 178.6 0.35250E 57 
12 183.6 0.36364E 07 
13 lE7.5 ‘3.37211E 07 

w 14 193.1 0.37784E 07 

TO 
35 -01 
34.55 
?3.03 
35.rll 
34.99 
55. Cl 
25.513 
35.01 
?5. Cl 
?S.Ol 
35.03 
35.01 
34.40 
34.30 

o\ 
rJ 15 192.7 0.3835@E 37 34.67 

16 195.4 0.38935E 07 34.50 
17 198.0 O-39511& 07 34.76 
18 200.6 0.4JC85E 07 24.78 
IS 203.2 0.40658E 07 34.EO 
23 205.8 3.41232E 07 94. $1 
21 208.5 0.4180bE 97 34.e9 
22 211.1 0.42379C 57 54.57 
23 213.7 0.42953E 07 24.93 
24 216.3 0.43533E 37 35. cs 
25 218.9 0.4410bE 07 ZS.Cl 
26 221.6 0.4468Of 07 34.93 
27 224. 2 0. 453.53,: d7 33.77 
2E 226.8 0.45827E 07 24.s3 
29 229.4 3.46451E 37 24. ee 
30 232;O 0.46974E 07 35.26 
31 234.5 C.47548E 07 25.24 
32 237.3 0.48124E 07 35.09 
33 239.5 0.48701E 07 35. c3 
34 242.5 0.49275E 07 ‘4.74 
35 245.1 C.49848E 07 34.49 
36 247.9 0.50422E 07 34. ec 

UhCERTAI’JfY IN REX=556St. 

REENTH 
Oa17080E 03 
Ci48837E 03 
0.80813E 03 
Ci11367E 04 
0114597E 04 
0117773E 04 
0~20919E 04 
C .24287E 04 
0&27604E 04 
0.30912E 04 
0134147E 04 
0.37400E 04 
C.40008E 54 
0.41239E 04 
0;42442t' 04 
0.43617E 04 
0.44768E 04 
C&45 899E 04 
OA46999E 04 
C;48.C81E 04 
0;4914bE 04 
C.50189E 04 
0~51217E 04 
C&5223bE 04 
0.532bOE 04 
0.54279E 04 
Ci55 274E 04 
0 r56271E 04 
Cd5727OE 04 
015826bE 04 
Gi59267E 04 
016025X 04 
Oi61235E 04 
0.622226 04 
0.63209E 04 
Odb4192E 04 

TINF= 25.67 CEG C 
XVC= 17.8 CM 

STAhTCh hC 
0.30665E-02 
3.26353E-32 
0.25062E-02 
J .24244E-32 
0.2382 iE-02 
3.232C7E-02 
0.2?22iE-02 
0.23121E-02 
0.22736E-C2 
0.22862F-02 
0.22454E-02 
0.22015E-02 
3.217ilbE-92 
0.2115bE-C2 
3.20734E-02 
0.20190E-02 
O.LS@BEE-02 
O.l54cbE-G2 
0.18807&02 
O.l@8bOE-02 
O.l823OE-02 
0.18135E-02 
0,17673E-02 
3,17826E-02 
0.1782CE-02 
0.1764 lE-02 
O.l7019E-02 
O.l7701E-02 
O.l70@3E-02 
O.l7592F-02 
3.17270E-02 
O.l6989E-02 
3.172 73E-02 
O.l7111E-02 
0,17242E-02 
O.lt9SBE-02 

DST 
0.5@7E-04 
0.539E-04 
0.523E-04 
3.515E-04 
0.512E-C4 
0.504E-04 
0.504E-04 
0.5J4E-04 
O.!=lOOE-04 
0.501E-04 
0.4?6E-04 
0.442E-04 
3.759+04 
0.757F-04 
80.748 E-04 
0.722 E-04 
0.712E-r34 
O.b98E-04 
O.b7OF-04 
O.b74E-04 
O.b50E-04 
O.b52E-04 
O.b32E-04 
0.646 E-04 
C. 640E-04 
O.b62E-04 
0.5 89 E-04 
O.b67E-C4 
0.607 E-04 
O.b39E-C4 
0.621E-34 
O.bllE-04 
O.b26L:-04 
O.b07E-04 
0.635E-04 
O.b62E-04 

UNCERTAINTY Ih F=C.O5002 IN RPTIlj 

DHECN 
3. 

24. 
41. 
53. 
63. 
71. 
79. 
86. 
92. 
98. 

103. 
109. 
111. 
111. 
111. 
111. 
111. 
111. 
112. 
112. 
112. 
112. 
112. 
112. 
112. 
112. 
112. 
112. 
112. 
112. 
112. 
112. 
112. 
112. 
112. 
112. 

M F T2 THETA 01-i 

0.40 0.0128 25A89 0.023 0.033 
0.39 0.0127 26.03 0.038 0.033 
0.39 0.0128 26A.34 0.039 0.033 
0.39 0.0127 2bbO4 0.039 0.033 
.>.39 0.0128 2bAO4 0.039 0.033 
0.39 0.0128 2bL19 0.055 0.033 
0.40 0.3128 26b17 0.054 0.033 
0.40 0.0129 26r17 0.053 0.033 
0.39 0.0127 26~14 0.050 0.033 
0.39 0.0128 26~18 0.055 0.033 
0.40 0.0128 26.17 0.053 0.033 



- 

I 
RUh 091674 wk* CIXYETE HCLE PIG *** NAS-3-14336 STANTON NLHBEI DATA 

lAGb= 24.41 CEC C U INF= 33.03 M/S TINF= 23.91 DEG C 
RHC= 1.178 KG/M3 VISC= O.l5411E-34 M2/S xvo= 17.8 CM 
CP= 1015. J/KGK PR= Ob717 

*** 470DSTEP43 M=:3.4 TH=l P/D=5 *** 

PLATE X 
I 127.8 
2 132.8 
= 
4 137.9 143.0 
5 148.1 
6 153.2 
7 158.2 
8 163.3 
5 168.4 

1iJ .173.5 
11 178.6 

,PEX TO 
0.241'37E 37 .36.71 
0.252.52E 07 36.71 
0.26367E 0.7 Z6.il 
0.274822 07 36.71 
0.28598E 07 36.69 
J.29713E 07 26.69 
0.30828E 07 '6.71 
5.31943E 07 36.67 
0.33058E 07 36.69 
O..341,73E i)7 36.67 
0.35288E 07 36.67 

12 183.6 0,36404E 07 26.71 
13 187.5 0.37251E 07 36:52 

P ln 14 190.1 0.378255 07 26.21 
w 15 192.7 0.384QOE 37 36.59 

It 155.4 0.38977E 07 36.61 
17 198.0 0.29554E 07 36.61 
l@ 200.6 0.40128E U7 36.57 
19 203.2 U.4U702E 07 56.53 

‘20 205.8 U.41277E.07 36.61 
21 208.5 C.41851E 37 36.59 
22 211.1 0.42425E 07 36:Cl 
23 213.7 0.43080E 07 36.57 

..24. 216.3 0.43577E 07 36.71 
25 218.9 0.44154E 07 36.63 
26 221.6 0.44728E U7 36.52 
27 224.2 0.45302E 07 .35.45 
28 226.8 0.45637E 07 36.50 
29 229.4 0.46451E 07 36.40 
30 232.0 C.47025E 07 16.74 
31 234.6 0.47599E 07 36.72 
3i 237.3 0.481.77E 07 36.52 
33 239.9 0.48754E 07 36.46 
34 242.5 0.49328E 07 26.17 
35 245.1 0.49902E .07 36.38 
3t 247.8 0.50417E D7 36.17 

~~cERT~~~NTY IN ftEx=55757. 

REE hTH STPNTCN NO DST 
0316627E 03 0.29829E-02 0.42DE-04 
Oa46104E 03 0.23041E-02 0.365F-04 
Cd3262E 04 5.17966E-02 0.329E-D4 
0;35331E 04 0.14853"-02 0.310E-04 
Q150378E 04 O.l3982E-02 0.305E-04 
Cib5CC5E 04 U.l336AlE-02 0.302E-04 
0;80535E 04 O.l3005E-02 0.300E-04 
Od95104E 04 O.l2894E-C2 0.300E-04 
Oi11002E 05 0.12055F02 0.295E-C4 
Oi12465E 95 0.11937E-02 0.295E-G4 
0113903E 05 O.l1557E-02 0.293E-04 
0.15254E 05 O.l1103E-02 0.290E-04 
0;16599E 05 O.llOeOE-02 0.387E-04 
0116664E 05 Ll15ElE-02 0.404E-04 
0116731k 05 O.l1750E-C2 O.QlbE-04 
0116798E 05 O.l15@9E-02 0.406E-04 
0.16865E 05 O.l160tE-C2 0.407E-04 
0~16931E 05 O.l1598E-02 0.407E-04 
CllbS57E 05 O.l1348E-02 0.395E-04 
0117063E 05 O.l1549E-02 0.404E-04 
0.17128f 05 O.l1183E-02 0.392E-04 
OL17193E 05 O.l1348E-02 0.401E-04 
0:17258E 05 O.l1107E-02 0.389E-04 
Oi17322E 05 O.l1348E-02 0.404E-04 
01173R8E 05 O.l1444E-02 0.403E-04 
C117453E 05 0.1137TE-Ci 0.419E-04 
C;17516E 05 3.104165-02 0.347E-04 
0.17579E 05 O.l1477E-02 0.425E-04 
0317644E 05 0.112'5+02 0.390E-04 
Oi17711E 05 O.l1812E-02 0.421E-04 
0117778E 05 O.l1607E-02 0.410E-04 
3r17845E 05 0.11.570G02 0.406 E-04 
0117912E 05 O.l1767E-02 0.417E-04 
0117979E 05 U.l1624E-02 0.401E-04 
0118047E 05 O.l1893E-02 0.428E-04 
0118115E 05 D.l1733E-02 0.449E-04 

UNCERTAINTY IN F=O.C5OC2 IN RA'IIO 

DREEN 
2. 

38. 
65. 
83. 
99. 

113. 
124. 
135. 
145. 
154. 
163. 
170.. 
174. 
174. 
174. 
174. 
174. 
174. 
174. 
174. 
174. 
174. 
174. 
174. 
174. 
174. 
174. 
174. 
174. 
174. 
174. 
174. 
174. 
174. 
174. 
174. 

/ 
/ 

r’ 

H F T2 THETA DTi 

0.37 0.0120 36&74 1.003 0.024 
3.37 0.0119 36L67 0.997 0.024 
0.37 0.0120 36L80 1.007 0.024 
0.38 0.0123 36J74 1.004 0.024 
0.38 0.0123 36J39 0.977 0.024 
0.37 0.0120 36143 0.978 
0.38 0.0121 36165 0.998 
0.38 0.0122 36;43 0.980 
0.38 0.0122 36A12 0.957 
0.38 0.0122 35;77 0.930 
0.38 0.0124 35a13 0.877 

0.024 
0.024 
0.024 
0.024 
0.024 
0.024 



FUh c91474 *+* OISCRFTE HCLc RI6 t+* PJAS-3-14336 SYAEITCN YUYt?C? DATA 

F** 4700STEPQJ M=O.4 TH=C P/D=5 *** 

FUN 05 1674 *** DISCRETE HCLF RIG *i* NAS-3-14336 STANTON NUM’3ER DATA 

?H=o AND TH-1 

ETA STCR F-COL 

‘JUUUU l.J% u.0300 
0.128 0.800 0.0128 
Or290 0.857 0.3127 
0.396 0.099 0.0128 
06420 0.935 3.U127 

STHQ F-hOT ‘LISR 

0.480 0. 0 so jb 1.933 
0.955 0.3120 2.716 
0.791 o-r)119 2.579 
0.692 0.0120 2.492 
0.665 0.0123 2.554 

0.952 0.0128 0.644 0.0123 2.564 
0.993 0.0128 0.634 0.0120 2.543 
1.024 0.0128 0.646 U.0121 t.613 

t551.4 C.301326 0.438 
8058.0 

1-J 
0.463 

5551.6 0.461 
11043.t c.001193 01489 
12532.1 U.i))115t JA518 
14022.7 0.001086 0.530 
154CS.2 (! . ‘%-I 1.19 8 b 3.566 
lt9t3.2 c. ooose7 0.559 

*** 47DOSTEP40 P=O.4 lH=l P/C=5 

LINEAR SUPERPOSITICh 15 PFPLIEC TO STANTON NUMBER CPTA FRCM 
Fllh NUMBERS 391474 AND C91 t14 TO CBTAIN STPNTCN NlJt’SER CATA A7 

RL DEL2 STL TH=Ol RF XHOT 

1593.3 U.CG23Cl 

170.9 

2971272.0 

O.JU)30t7 2413706.0 

lfi57.5 

438.a 

O.CO2374 3002786.0 

3.CO2643 2525219.0 
776 A O.OOi529 2636732.0 

1054.a o.cui4t2 274E24t.O 
lZ2b.9 O.CO2422 2655759.0 

RE DEL2 ST(-iH=lJ 

166. 2 o.n?2582 
461.1 C.UU23UC 

2022.5 G.JO1797 
3533.3 O.OUl487 
5028.5 U.OUl404 

PLATE 

6 2568Cb2. 3 

REXCOL 

1 2411C57.0 
2 

7 

2522493.0 

3079455.0 

3 Zt33E83.C 
4 Zi4527t.i) 
5 2856669.0 

12 

0 215JE47.3 

363641s. 0 
13 3721C78.0 
14 3778445.0 
15 

9 3302240.0 

3835812.0 
lb 3093457.0 
17 

1J 

39511J3.D 
18 

3413633.1 

400947o.u 
19 4065E38.D 

11 3525C26.0 
3158.3 O.CO2271 3640352.0 

212r.4 

3349.5 o.oo;iIB 

J.:O2372 3194299.0 

3725103.0 
3476.3 0.002176 

2383.5 

3782532.0 
3too.o 

O.CO2335 

O.CCil30 383S961.0 

3305612.0 

3720.7 O.COZC74 

2544.3 

3897669.0 
3033.9 

3.002348 

J.Cil2141 

3417326.0 

3955377.3 
3')54.9 

2933 .r 

3.CO2000 

L).uo2310 

4012807.0 
4067.7 

3528839.0 

l.COlS28 4070236.0 

1.073 

1.036 0.0129 

0.0128 
1.076 0.0128 
1.076 

1.367 

1.055 
1.042 

0.0127 

1.023 
1.015 
1.002 
0.973 
0.982 
3.056 
0.955 
5.933 
0.?52 
0.957 
0.953 
0.927 
0.967 
0.930 
0.970 
Q.957 
0.046 . . 
0.967 
0.962 
0.974 
0.964 

0.576 0.3122 

C.614 

2.585 
c.530 

0.0122 

0.3124 

2.594 

2.552 
0.535 

0.604 

0.572 
0.589 

0.0122 

0.586 

2.613 

0.592 
0.597 
0.589 
0.604 
0.588 
0.602 
0.592 
0.609 
0.618 
0.618 
a.562 
0.629 
G.621 
0.656 
0.648 
0.649 
0.663 
0.657 
0.676. ., 

._ 0.670 . __ 
'.. 

17021.7 0.001049 
170E2.7 C.OUlC73 
17144.0 O.'JOlObl 
172C5.2 0.001066 
172Ct.6 C.001070 
17327.5 C.CO1050 
17388.5 U.OOlU71 
17449.1 O.OD1338 
17505.4 C.00105E 
17569.6 U.r)?1'33t 
17629.9 O.OOlObl 
17691.2 O.OUlU72 
17752.6 0.001066 
17811.1 0.00096t 
17P6S.E 0.001077 
17931.2 0.001059 
17993.7 0.001115 

0.518 
0.497 
0.4AR 
01478 
o.455 
0.455 

20 41232US.U 4178.6 ~I.001932 4127665.0 
21 4180573.3 4207.1 i'.CO1868 4185395.3 

0.445 
01444 

22 423754C.5 
23 4295:ce.o 
24 4352953.0 
25 441Ch~S5.0 
26 44675tb.O 
27 4525333.0 
20 4512700.3 
29 4t40CbS.0 
3J 4.s5743t. J 

4394.5 0.0018C3 4242525.0 
4499.7 0.001309 4259954.3 
4t04.1 O.CO1824 4357662.0 
47Cd.il O.CO1823 4415370.0 
4812.4 U.CO1804 4472795.0 
4914.9 0.001744 4530229.0 
501b .3 1.CO181J 4567658.0 
5110.9 u.001745 4t45daa.o 
5220.9 O.CO1756 4702517.0 
5322.3 U.0017t3 4159947.0 
5423.2 0.001733 4017654.3 
5523.6 O.CO17t2 4875363.0 
5624.4 0.001746 4532792.0 
5725.0 iJ.COliE8 4550221.0 
5825.3 6.001733 5047650.0 

0.429 
01427 
Ur418 
O&412 
Od409 
0.446 
0.405 
Ob393 
3b379 

31 4754803.0 
32 4el244a. 0 
33 4870094.5 

lE057.3 0.001096 
18120.3 O.OU1095 
lE153.8 0.001114 
ie247.4 o.ooiioo 
lf31d.5 0.001128 

01378 
0.360 
0.360 

34 4527462.0 
35 4584825.0 
?b 5042156.0 

06370 
01358 

16375.9 G.001113 3.358 

STaNTON NUYBkR RPTIO 3ASfD Gh ST+PR**0.4=0.3295*REX**~-.2~*~l.-~XI/~X-XVl~~**O.9l**~-l./9.~ 

STAhTCN NUMBER RATIO FOR TH=l IS CCNVERTED TO COMPARABLE TRANSPIRATION VALUE 
USING ALOG(1 l BJ/a EXPRESSION IN THE BLOWN SECTICN 



P 
ch 

ul 

RUK 102274 VELOCITY Ah0 TEHPEZATURE PROFILES 

REX = 0.15100E 06 REM = 515. REH = 448. 

xvc = 108.36 Cp. DEL2 = 0.066 CM. OEHZ = 0.058 CM. 
UINF = 11.83 H/S OEL99= 0.476 CM. OELT99 = 0.456 CM. 
VISC = O.l5200E-04 CZ/S DELL = 0.130 CM. UINF = 11.84 M/S 
PORT = 19 H 1.953 
XLGC = 127.76 Ct’. CF/2 1 O.i1374E-02 

VISC = O.l5238E-04 HZ/S 
TINF * 21.54 OEG C 

Y(CM.) Y/DEL U(MfS1 UfUINF Y+ ut 

TPLATE = 38.29 OEG C 

Y(CH.1 T(OEG Cl TBAR TBAR 

0.025 0.053 4.14 c.350 6.2 8.41 0.0165 35.44 
0.028 0.059 4.36 0.369 9.1 8.85 0.0190 34.66 
0.030 0.064 4.40 0.372 9.9 6.93 0.0216 33.76 
0.033 0.069 4.5 1 0.382 10.7 9.15 0.0241 33.35 
0.038 0.080 4.71 0.398 12.4 9.56 3.0292 32 -68 

0.171 0.829 
0.217 0.783 
0.271 0.729 
0.295 0.705 
0.336 0.664 

0.043 0.091 4.86 0.411 14.0 9.86 0.0343 32.09 0.371 0.629 
0.051 0.107 5.09 ci.430 lb.5 10.32 3.03Y4 31.61 0.400 0.600 
0.058 0.123 5.38 c.455 19.0 10.91 0.0444 31.26 0.421 0.579 
0.069 0.144 5.55 0.469 22.2 11.25 0.0521 30.81 0.448 0.552 
0.081 0.171 5.91 0.500 26.4 11.9& o.i)597 30.49 0.467 0.533 

0.502 
0.476 

0.094 0.197 6.2: C.528 30.5 12.67 0.0698 29.97 0.498 
0.109 0.229 6.66 0.563 35.4 13.51 0.0625 29.54 0.524 
0.127 0.267 6.98 0.590 41.2 14.16 0.0952 28.93 0.560 
0.147 0.309 7.38 0.624 47.8 14.97 0.1105 28.48 0.588 
0.168 0.352 7.91 0.669 54.4 16.05 O.LZd3 27.78 0.629 

0.440 
0.412 
0.371 

0.191 0.400 8.51 C.720 61.8 17.27 0.1486 26.95 
0.213 0.448 8.99 0.760 b’Y .Z 18.22 0.1714 26.31 
0.236 0.496 9.40 0.795 7ir.b lY.06 0.1994 25.38 
0.262 0.550 9.88 0.835 84.9 20.03 0.2248 24.58 
0;287 0.603 10.26 0.867 93.1 20.81 0.2502 23.97 

0,679 
0.717 
0.774 
0.821 
0.858 

0.321 
0.283 
0.226 
0.179 
0.142 

0.312 0.656 10.60 0.896 101.3 21.49 0.2756 23.39 0.893 O.iOf 
0.338 0.710 10.92 0.923 109.6 22.15 0.3010 22.96 0.919 0.081 
0.376 0.790 11.26 0.952 121.9 22.84 0.3264 22.61 0.940 0.060 
0.414 0.870 11.47 0.970 134.3 23.26 0.3645 22.22 0.962 0.038 
0.452 0.950 11.63 0.984 14b.7 23.bi) 3.4d26 21.96 0.578 0.022 

0.490 1.030 11.75 0.993 159.0 
0.528 1.110 11.80 c.997 171.4 
0.566 1.190 11.83 1.000 183.7 

23.83 0.4407 21.80 
23.93 0.4781) 21.71 
23.59 0.5169 21.64 

0.555 21.61 
0.5Y3 21 .bO 

0.988 0.012 
0.007 0.993 

0.998 
0.999 
1.000 

0.002 
0.001 
0.000 



PlJh 1022.74 **:* tIISCR.ETE HOLE RIG *** NAS-3-14336 STANTCN F;lJMRER DATA 

TALE!= 22.4C DEG C UIYF= 11.74 M/S 
RHC= 1. lR@ KG/ Y3 V IX= 5.15218E-04 C2/S 
CP= 1.113. J/KGK PR= 

*** SLUHSLFP P/D=5 

01717 

FLATS X 
1 127.3 
2 L32.!3 
; 
4 

13’1.9 
143.0 

E 
i 148.1 153.2 
7 15d.2 
8 163.3 
9 163.4 

1J 173.5 
11 178.6 
12 183.6 
13 187.5 
14 190.1 
15 192.7 
1t 155.4 
17 198.0 
18 20d.b 
19 203.2 
20 205.8 
21 258.5 
22 211.1 
23 213.7 
24 216.3 
25 218.9 
26 221.6 
27 224.2 
28 226.8 
29 229.4 
30 232.0 
21 234. b 
32 237.3 
33 239.9 
34 242.5 
35 245.1 
3t 247.8 

Rk x 3-l 
?.14973C Ot za.ill 
0.10892E 00 25.09 
3. i28lik 06 3E.C8 
O.20731: ilb ?R. C8 
0.30651E OC 33. Ii) 
0.3457OE 06 38.11 
0.3849rlE 06 3S.CE 
1.424C9E oc 36. ce 
0.46329E 06 38.10 
7.5J24aE 3.5 :a. 11 
0.5416az i)b 28.11 
0.58C87E 36 5?..C8 
O.tlcJbbE ot 16.40 
C. 63 CESi 06 3c.OE 
J.C51O?E 06 36. !l 
0.67132E 06 36.31 
i).b’?loOE i)6 Lb. 23 
0.711786 06 35.27 
0.73197E 36 36.il 
0.75215E 06 36.31 
0.7723.4E J t 26.23 
0.79253E Oh 35.27 
C.el271E 06 56.23 
0.833OOE OC 36.33 
J.E5328E 06 56.15 
0.8734bF Ot 36.06 
0.89365E 06 25.01 
0.91384E 06 36. 12 
il. F3432E 3 t 36-04 
0.5542 1E 06 26-48 
0.97439E 06 36.42 
O.S94b@E 06 36.34 
O.lcl150E 07 26.27 
3.10351E 37 25. C4 
0.10553E 07 36.21 
0.13755E 07 25. es 

R ifiyl- H 
Jr’+3 a99r 0 3 
0 ;5532iE 03 
i)i57220:- 33 
0.78825F 03 
0.901451 03 
chloicat 04 
0.11178E 04 
c.i222et 04 
0.13250E 04 
I?,l’t245E 04 
O.l3i19[: 04 
J.lblRlE 34 
o.Lbe ix 04 
Cd17393E 34 
-Sr17730E 04 
OA1815bE 04 
C.18581E: 04 
c .19005t 04 
061942eE 04 
0.19e49E 04 
0.25270E 04 
012 Ob9OL 04 
0.211f.lbE 04 
0121520E 04 
C121 C,33E 04 
OL2234bF 04 
C1227blE 04 
Ot23174F 04 
0:2359OE 04 
C.24OObf 04 
Al.24417E 04 
C(24825E 04 
0125232: 04 
Oi25t3EC C4 
0.26039F 04 
C r2643bE 34 

TINF= 21.33 OEG C 
XVC= lop.4 CM 

STAhTCN NC DCT 
3.27628E-02 O.b89E-04 
0.3Cb@7E-02 0.717f-04 
0.3WOlE-02 ‘3.711F-04 
0.2’?2145-02 0.703E-04 
0.2e541s-02 ‘I.b97E-04 
0.27267f-02 U.b85E-04 
0.2729 7E-02 O.b67E-C4 
O.Zt3?7E-02 0.678E-04 
0.2581iE-02 O.b73E-04 
0.24944&-02 O.b66E-Oi 
3.24739E-02 O.b64E-04 
0,24375E-02 ->.662 E-04 
0. -2 105bE-02 0.72bE-04 
3.21353?-02 ,I.BDlE-S4 
0.21177E-C2 0.8 lOE-04 
O.i1026E-02 0.756E-04 
0.210C4E-02 0.799E-04 
0 .ilOO.OF-02 0.798E-04 
O.ZC775E-C2 0.779E-04 
0,20934E-02 0.793E-C4 
a’).2071 lE-02 ).783E-04 
U. 2083EE-02 0.797E-04 
3.20393E-02 9.77bE-34 
0.20504E-02 0.7976-04 
0.20422E-02 0.780E-04 
O.i044lE-02 0. B23E-04 
3.206 ObE-02 0.733E-04 
0.2CZBOE-02 0.82bE-04 
9.2086 lE-02 0.776E-04 
0.20315E-02 C. 799E-04 
0.203SbE-02 0.783E-04 
O.lS949E-02 0.770E-04 
0.20320E-02 0.782E-04 
O.l9841E-02 0.74bE-04 
O.lS91QE-02 0.794E-04 
O.l9315E-02 0.85OE-04 

3PE”N 
20: 
20. 
23. 
20. 
23. 
20. 
20. 
20. 
20. 
20. 
21. 
21. 
21. 
21. 
21. 
21. 
21. 
21. 
21. 
21. 
21. 
21. 
21. 
21. 
21. 
21. 
21. 
21. 
21. 
21. 
21. 
21. 
21. 
21. 
21. 
21. 

STtTHEOl 
0,31093E-02 
0.2968 lE-02 
‘Y-285 82E-02 
0.27690E-02 
0.26943E-02 
0.26302G02 
0.25743E-02 
0.25249E-02 
0.24806E-02 
0.2440bE-02 
0.24043E-02 
0.23709E-02 
0.23473E-02 
0.23321E-02 
0 -23 174E-02 
0.23033E-02 
3,2289bE-02 
0.22765E-02 
0,2263BE-02 
0.22515E-02 
0.2239bE-02 
0.22281E-02 
0.22169F02 
0.220 bOE-02 
0.21954E-02 
0.21851E-02 
0.21752E-02 
0.21655E-02 
0.21560E-02 
0.21468E-02 
0.21379E-02 
0.21291E-02 
0.21205E-02 
0.21122E-02 
0.21040E-02 
0.209blE02 

RATIO 
0.889 
1.034 
1.050 
1.055 
1.060 
1.037 
1.060 
1.043 
1.041 
1.022 
1.029 
1.028 
0.897 
0.916 
0.9 14 
0.913 
0.917 
0.922 
0.918 
0.930 
0.925 
0.935 
0.920 
0.929 
0.930 
0.935 
0.947 
0.937 
0.9 68 
0.946 
0.954 
0.937 
0.958 
0.939 
0.946 
0.921 '1 

“1 



RUF; 103074-l *** DISCRETE HCLE RIG *** NAS-3-14336 STANTON NW BFR CATA 

TAOEi= 20.29 OEG C U INF= 11.70 M/S 
RHO= 1.200 KG/M3 VfSC= 0.1:041E-04 M2/S 
CP= 1011. J/KGK PW= 01716 

*** 520HSL40 HE 0.4 Tti=O P/O=5 *** 

PLATE X RE X TO 
1 127.8 0.15095E 06 36.06 
2 132.8 O.19047E 06 36.08 
3 137.9 0.22999E 06 36.08 
4 143.0 0.26951E 06 16.13 
5 148.1 0.30402E 06 36.ca 
6 153.2 0.34854E 06 36.10 
7 158.2 0.386CCE 06 36.C6 
8 163.3 0.42757E 06 ?6.02 
9 168.4 c?.467CQE Ob 36.C8 

10 173.5 Oa5066lE 06 36.CE 
11 176.6 0.54612E tJ6 36.10 
12 183.6 0.58564E 06 ?6.08 
13 187.5 O.tl567E D6 34.17 

P 14 190.1 0.63603E 06 33.85 cn -4 15 192.7, 0.65638E 06 34.13 
16 195.4 0.67tt33E 06 34.17 
17 198.0 0.69728E 06 34.21 
18 233.6 0.717634 06 '4.21 
19 203.2 0.73798E U6 34.19 
20 205.8 0.75833E 06 24.27 
21 209.5 0.77868E 06 34.27 
22 211.1 0.79903E 06 34.40 
23 213.7 0.81S38E 06 34.52 
24 216.3 O.E3S.!3E 06 24.44 
25 218.9 0.86028E 06 34.24 
26 221.6 0.88064E 06 34.23 
27 224.2 0.500FSt 06 23.25 
28 226.8 0.52134C 06 34.30 
29 229.4 O.S4169E 36 24.28 
30 232.0 O.S6204E 06 24. t3 
31 234.6 C.98239E 06 34.63 
32 237.3 0.10028E 07 34.53 
33 239.9 0.10233E (17 34.51 
34 242.5 3.1043bE 37 24.25 
35 245.1 0.1064dE 07 34.40 
3C 247.8 0.10843E 07 34. c7 

UNCE9t6IkTY IN R:X=1975E. 

REE NTH 
0~48211E 03 
C i60465E 03 
0.7766OE 03 
0,95585E 03 
0.11284E 04 
0 r12x974E 04 
Oi 14667E 04 
0116428E 04 
C~18127E 04 
0;19828E 04 
5.21528E 04 
Cb2320% 04 
Ci24579E 04 
0425064E 04 
0~25540E 04 
0,26002k 04 
C.2645bE 04 
OJ26501E 04 
Oi27335f 04 
C 327765E 04 
0.28187E 04 
0.2A595E 04 
OIZGSSEIE 04 
0129399E 04 
C429796E 04 
0.30186k 04 
01335EilE 04 
0130575t 04 
Ci31367E 04 
Oh31759E 04 
0.32145E 04 
0:32!2tF 04 
0;32904E 04 
Ci33282t 04 
0.33657E 04 
Cd34C21C 04 

T INF= 20.23 DEG C 
XVO= 108.4 CM 

STAhTCN NO DST 
0.2577bE-02 0.736E-04 
0.12246E-02 0.759E-04 
0.3145EE-02 0.751s04 
0.29955E-02 3.736 E-04 
O.Z%tOeE-02 0.736E-04 
0.2@BlbE-02 0.726E-04 
0.2E7SQE-02 0.728E-04 
0.28699E-02 0.728E-04 
0.28183f-02 0.721E-04 
0.2E561E-02 0.725E-04 
4.2801.3E-02 0.719E-04 
0.27017E-02 0.711E-04 
0.23870E-02 3.809E-04 
0.23756E-02 0.8fl4E-04 
0.22927E-02 3.075E-04 
0.2242 7E-02 0.849 E-04 
O.Zi141E-02 0.841E-04 
0.21576E-02 0.024E-04 
0.21002E-02 0.794E-04 
0.21233E-02 3.835E-04 
0.2C2C7E-02 0.769E-04 
O.lS867E-02 0.777E-04 
O.l5671E-02 0.757E-04 
O.lS722E-02 0.77bE-iJ4 
0.151 EEE-C2 0.750E-04 
O.l9132E-02 0.765E-04 
O.l5645E-02 0.714E-04 
O.l5068E-02 0.790E-04 
Q.l9346E-02 3.738E-34 
O.l5121E-02 0.76lE-04 
O.lE771E-02 3.737E-c4 
O.le631E-02 0.731i-c4 
O.lE491E-02 0.732E-i14 
O.lEt36E-02 0.712E-04 
0 .lE128F.-02 c .744 F-04 
O.lib57E-02 0.805E-04 

UNCEPTAINTY Ih F=lJ.O5145 IN KPTIO 

D REEN 
20. 
21. 
23. 
23. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
32. 
32. 
32. 
32. 
32. 
32. 
32. 
32. 
33. 
33. 
33. 
33. 
33. 
33. 
33. 
33. 
33. 
13. 
33. 
33. 
33. 
33. 
33. 
33. 

H F T2 THErd 

0.42 0.0137 21i50 0.085 
0.41 0.0134 21;96 0.109 
0.41 0.0132 21r89 0.104 
0.40 0.0131 21~86 0.103 
0.40 0.0130 21A94 r).l38 
0.42 0.0137 22iO6 0.115 
0.41 0.0133 21196 0.109 
0.41 0.0131 22AOl 0.112 
0.40 0.0131 22kO2 0.113 
0.40 0.0129 22.07 0.116 
0.40 0.0130 22~06 0.115 

DTj 

0.019 
0.019 
0.019 
0.019 
0,019 
0.019 
0.019 
0.019 
0.019 
0.019 
0.019 



RUN 103574-2 +a* DISCRETE HOLE RIG *** NAS-3-14336 SY4NTC’N NUMSER DATA 

TACB= 2J.31 DEG C UINF= 11.68 F/S 
RHO= 1.200 KG/M3 VISC= O.l5043E-04 M2/S 
CP= 1611. J/KGK PR= 01716 

*** 520HSL40 M=O.4 TH=l P/D=5 *** 

PL4TE X 
1 127.8 
2 132.8 
3 137.9 
4 143.0 
5 148.1 
b 153.2 
7 158.2 
0 1t3.3 
s lb8.4 

13 173.5 
11 178.6 
12 183.6 
13 167.5 

F ‘m 14 190.1 
co 15 192.7 

16 195.4 
17 198.0 
l@ 20-3.6 
19 203.2 
2G 205.8 
21 208.5 
22 211.1 
23 213.7 
24 216.3 
25 218.9 

RE X TO 
‘I. 1507 1E 3 t 37.41 
0.19017E 06 e37.41 
3.22462E ‘Jb 37.41 
0.26908E 06 37.45 
0.3C853E 06 37.43 
0.34788E 06 37.45 
0.38744E 0 5 37.47 
0.42689E 06 37.45 
0.46655E 06 37.43 
0.50583E 06 37.45 
0.54525E 06 37.47 
0.58431E 36 37.45 
C.61469E 06 36.34 
0.6350lE OC 26. C6 
0.65533E 06 26.31 
0.67535E 0.5 26.31 
0.69616E 06 26.31 
0.71648E 3 6 16.31 
0.73b80E 06 36.29 
0.75712E 06 ‘6.21 
0.77744E 06 36.34 
C.7S736E .Ob 36.33 
3.i31808E 06 96.33 
0. t3849E 06 ab.48 
O.C5891E 06 at. 34 

26 221.6 0.87923E OC 36.19 
27 224.2 3.89955t OC 35.51 
28 226.8 0.91S87E 06 36.21 
29 229.4 C.S4019E 06 36.23 
30 232 .o 0.960515 i)b Zb. 50 
31 234.6 C.SOC82E 06 36.52 
32 237.3 C.13012E 07 2c. 33 
33 239.9 0.10217F 07 36.33 
34 242.5 0.1542X 07 36.12 
35 245.1 0.10623F 07 16.21 
3c 247.8 C. lC826E 07 35.54 

REENT I- 
J~48134E 03 
0 i59124E 03 
Ctll283E 04 
OLlb832f 04 
0.2212% 04 
C.27492E 04 
C.32877E 04 
Ci38132E 04 
0.4id272F 04 
C.48195E 04 
0.53530E 04 
C158556E 04 
0163457E 04 
0.63750E 04 
0.64046E 04 
C164341E 04 
C.64637E 04 
(I i64430E 04 
0.65216E 04 
0:65 506F 04 
Cd65752E 04 
0166071E 04 
0.66352E 04 
0166629E 04 
01669346 04 
0167182E 04 
Oi67458E 04 
0167730f 04 
Cd68008E 04 
Gdb82SOE 04 
0.68 569E 04 
Cr688,4E!t 04 
0 A69 130E 04 
0;69409E 04 
0169686E 04 
OI69S60E 04 

TIPF= 20125 DEG C 
xvo= ioe.4 CY 

STAhTCN NO 
3.28623E-02 
0.27090”-02 
O-22744:-02 
O.lE7C85-02 
0.179225-02 
O.l7142E-02 
0.16797%02 
O.l6504E-02 
O.lt210E-02 
O.l5877E-02 
O.l5C53E-C2 
O.l5331E-02 
0.141131%02 
O.l47C3E-02 
O.l44213E-02 
O.l4528E-02 
O.l4577E-02 
O.l4273E-02 
0.1383&Z-02 
O-14633’-@2 
O.l3512E-02 
O.l3937E-02 
O.l3629E-02 
O.l3584E-02 
0.13534E-02 
O.l1787E-02 
O.l3287E-02 
O.l3505C-02 
O.l3791E-02 
0.13928+02 
O.l’5=2E-02 
O.l:9;4E-02 
0.137575-C2 
O.l366BE-02 
O.l3633E-02 
O.l3265E-02 

DST DRErN 
0.684E-04 20. 
0.678E-04 23. 
0.635E-04 29. 
O.b05E-04 35. 
3.631s;34 39. 
0.595E-04 43. 
0.593s04 47. 
0.591F-04 50. 
0.59OE-04 53. 
0.588E-04 56. 
0.586E-04 59. 
:J.584i-04 61. 
0.526E-04 t3. 
D.588E-04 63. 
0.588E-04 63. 
0.583E-04 63. 
0.505E-04 63. 
0.578E-04 63. 
0.558E-04 63. 
3.574E-04 63. 
0.552E-04 63. 
0.568E-04 43. 
0.555 E-04 63. 
0.57OE-04 63. 
0.558E-04 63. 
0.5 8bE-04 63. 
0.521E-04 63. 
0.587E-04 63. 
0.551E-04 63. 
0.583E-04 63. 
0.563F-04 63. 
0.56dE-04 63. 
0.569E-04 63. 
c).548E-04 63. 
0.584F-04 63. 
0.628E-04 63. 

M F TZ THETA 

0.39 0.0126 35;40 0.883 
3.40 3.0129 36115 3.926 
0.39 0.0125 36:16 0.925 
9.40 0.9130 35493 3.913 
0.41 0.0132 35.79 0.903 
0.40 0.0131 35r59 3.891 
0.38 0.0122 36.29 0.932 
0.38 0.0121 35.63 0.895 
0.43 0.0138 35&11 0.864 
0.41 0.0132 34i88 0.850 
3.41 0.0134 34;72 9.841 

DTd 

O.OLB 
0.018 
0.018 
0.018 
0.018 
0.018 
0.018 
0.018 
0.018 
0.018 
0,018 

UNCERTAINTY IN REX=1 972 7. UNCERTPINTY IN F=O.O5146 IN RaTID 



RUN 103074-l *** DISCRETE HCLE PIG *** NAS-3-14336 STANTON NUMBER DATA 

*** 52OtiSL4C MrO.4 Tl-=0 P/D=5 *** 

RUN 103074-2 *** DISCRETE HOLE RI6 *** NAS-3-14336 STANfCh hUM0FR DATA 

*** 520HSL40 M=0.4 TH=l P/D=5 I*.* 

LIhEAF SUPFQPOSITION IS AFPLIED TO STANTON NUMBER CATA FRCY 
RUN NUMBERS 103074-l AJD 103574-i TO OBTAIN STANTCh FiUMRER CBTA AT TH=O AND TH=l 

PLATE REXCOL 

1 153954. e 
2 190471.0 
: 269505.8 229900.0 

5 303022.7 
6 340539.7 
7 380056.7 
0 427573.6 
9 467090.6 

13 53btO7.6 
11 546124.6 

RE DEL2 bT(lH=OI REXHOT FE DEL2 Fl(T~=ll ETA SPCF F-CDL STHR C- f.f)i LOS3 

402.1 O.C32970 15n713.9 
605.7 O.CO3200 190167.e 
734.0 J.CO?Zfl 225621.7 
dbl.2 0.001147 265075.6 
905.2 J.CO3132 308529.5 

1107.1 o.co3035 347903.4 
1227.3 O.CO3050 307437.3 
1347.6 O.CO3041 426091.3 

401.3 
505.7 

lld1.6 
1770.1 
2332.5 
29C0.5 
3491.0 

0.8.1206 2 
0.0132633 
3.312171 
0.001760 

UUVJJ 1.070 0.0000 L.O35 0.~~000 
0.197 l.lOb O.Ol37 0.080 O.0126 
3.332 1.139 0.3134 6.76.? 0.3129 
0.430 1.130 0.0132 0.639 0.0125 

0.311a74 
c.001590 
C.JJ1523 

3r4Sb 
O-479 
J.5-l? 
0~552 
0.500 
0.544 
0.556 
0.556 
d.526 
9.402 
0.400 
-1.457 
0.444 
fJ.443 
0.443 
0.405 
0.431 
01390 
0.4Jl 
0.406 
.I .3klb 
0.366 
J.422 
01382 
5.376 
01357 
0.366 
0.333 
0.337 
.).35J 
cl.327 
0.328 

l.lC4 
1.155 
1.106 
1.206 
1.254 
1.240 
1.246 
1.210 
I.004 
1.301 
1.049 
1.327 
l.O20 
1.3O-l 
0.979 
0.9as 
0.951 
0.935 
0.932 
0.939 
1.916 
0.915 
3.9 5.J 
0.972 
0.039 
3.930 
7.918 
3.311 
o.ooa 
3.921 
0.056 
II.077 

0.0131 .).)130 

1.036 
2.420 
2.336 
2.157 
2.222 

4OC7.5 0.531516 
o.uo1473 
0.011380 
0.031327 
3.)J1?62 
0.00120: 
3.351279 
C. 0012C.3 
O.9~1120t 
'J.001290 
G.-J11273 
C.001232 
O.OO1324 
C.03121O 
C.OJL26E 

0.0130 
3.0137 
0.0133 

t.622 
0.601 
3.592 
o.tr)1 

0.0132 2.250 
3.3131 2.249 
0.3122 2.197 

2.215 
2.369 
2.293 
2.323 

1466.7 O.CO2903 466345.1 4609.2 
1505.7 O.CO5042 505795.1 5145.2 

0.0131 
0.0131 

0.602 
0.569 
0.552 
0.541 
0.514 
il.549 
0.545 
(3.559 
0.567 
C. 56.1 
0.545 

nL,7121 
0.3138 

1904.0 0.002541 t14691.9 

5744.4 
6315.4 
t9e2.t 
6707.4 
C933.E 
6959.7 
tSE6.C 
7312.1 
7037.E 
7063.6 
70E9.4 
7114.t 

0.0129 
0.0130 

0.3132 
0.0134 12 505t41.6 

13 615t74.b 
14 635025.0 
15 t56377.0 

:; 
67be2t.0 
697276.9 

10 717620.1 
19 137979.3 
20 75833C.6 
21 778602.1 
22 759033.3 

1555.5 d.CO2519 635@13.6 
2006 .O J.GO2427 65F329.4 
2054.3 0.002360 675746.6 
2102.7 J.CC2334 696164.0 
2149.t O..CO2273 716402.0 
2195.3 0.002214 736001.5 
2240.6 0.002224 757120.3 
2204.9 O.CC2127 177439.3 
2327.7 0.00'080 797750.0 
2369.9 .l.C02063 al0076.0 
2412 .O O.CO2065 038493.9 
2453.6 3. coicce e58911.4 
2494.4 C.OU1998 1375230.1 
2535.0 J.CO2065 899540.9 
2577.2 0. co155 5 515067.6 
2610 .l cl.002023 940106.6 
2659.9 O.CGlC54 56G505.4 
2 699.3 O.001960 900024.1 
2 7 3 9 . 9 >.CO1530 1301241.1) 
2770.3 O.CO1924 1021658.0 
2617.7 I.001942 1341977.3 
2856.7 0.001804 lOt2296.0 
2894.6 O.CO1835 1002614.0 

0.58C 
0.541 
0.570 
0.550 
0.551 
7.562 
0.5.30 
cl.%9 
0.57n 
0.53t 
0.598 
0.582 
0.t37 
o.t12 
'9.5YR 
0.t03 
0.509 

23 019304.5 
24 039034.3 

7143..3 
71t5.1 

3.031235 
C.CO1228 

25 Eb0204.4 719J.l O.1'11234 
C.OOlZbt 
O.331194 

i215.6 
7240.6 
7265.3 
72YQ.b 
7316.5 
1342.2 
7360.9 
7394.1 
7419.9 
i445.6 
7471.1 

26 60Ot35. t 
27 SCCF06.9 
20 521330.1 
29 941605.6 
39 96 2O4U. 0 
31 902392.0 
32 1052041.3 
33 1023291.0 
34 1043t43.3 
35 1063594.0 
36 lG64345.0 

0.531233 
C.,3,1126i 
C.001203 
0.001242 
0.001292 
C.001276 
3.JJi262 
C.001260 
0.111234 

STAKTCN NUMREfi  RATIO BASEC Ob ST*PR**0.4=0.0295*QFX*to 

STANTON NUCBER RATIO FOR TH=l IS CCYVERTED TO CCMPARABLE THANSPIRATI(1N J4LUE 
USILG ACCGti + 8)/B EXPRESSICN IN THE BLOWN SECTICN 



R?lh -102874 *Pi: CISCRETE HOLE RIG *** NAS-3-14336 STANTCh NUMDER DATA 

TAC@= 21.55 DEG C UINF= 11.76 M/S 
RHO= 1.185 KG/M3 VISC= C .15252E-04 M2/S 
CP= 1314. J/KGK PR= 017L7 

*** 52oHSi75 M20.75 TH=O P/C=5 *** 

FLATE X 
1 127.e 

REX 
3.14S57E 

TO 
06 57.12 

2 132.8 0.18873E 06 37.c9 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

P 14 
-4 
0 15 

16 
17 
18 
19 
20 

137.9 C.22788E 06 37.09 
143.0 0.26703E 06 37.11 
148.1 0.30619E 06 37.11 
153.2 3.34534E 06 27.09 
158.2 0.39450E 0 b 37.09 
163.3 0.42365E 06 27.09 
16a.4 0.46281E 06 37.07 
173.5 0.50196E ot 37.11 
178.6 0.54112E 06 37.11 
183.6 C. 58027E 06 37.12 
187.5 0.610C3E 06 34.78 
190.1 0.63019E 06 34.42 
192.7 0.65036E 06 34.76 
195.4 0.670625 06 34.82 
Isa.0 il.67088E C6 34.tt 
200.6 0.71105E 06 34.80 
203.2 0.73121E Ot 34.74 
205.8 0.75138E 06 35.01 

21 208.5 C.77154E 06 34.89 
22 211.1 0.79171E Ot ?S.CS 
23 213.7 0.81187E 06 35.01 
24 216.3 0.83213E Ot 35.14 
25 218.9 0.85240E 06 34.99 
26 ‘221.6 C.E725tE 06 34.55 
27 224.2 0.89273E 06 33. s2 
28 226.8 3. S128SE 06 35. C5 
29 225.4 0.93306E 06 35.03 
30 232.0 0.95322E 06 35.49 
31 234.6 0.9733eE 06 35.45 
32 237.3 0.99365E 06 35.37 
33 239.9 0.13139E 07 35.35 
34 242.5 0.1034lE 07 35.09 
35 245.1 d.10542E 07 35.30 
3t 247.8 0.10744E 07 34.57 

UhCERTAINTY IN REX=lS577. 

STANTON NO 
0152 663E 03 0.3@046E-02 
0465069E 03 

REE NTH 

0.33323E-02 
OA81210E 03 0.35951E-02 
CA99426E 03 0.3’7CSE-02 
Obl172OE 04 0.35069E-02 
Cll3457E 04 0.34026E-02 
0~15215E 04 0. ?4224E-02 
0117034E 04 0.34109E-02 
0.18832E 04 0.3423,3E-02 
0~2363CE 04 0.34535E-02 
Cd22425E 04 0.34426E- 02 
01242555 04 0.33651E-02 
0125717E 04 0.25853E-02 
0 126312E 04 0.29097E-02 
0126C8El-z 04 C,27964E-02 
Cb27445F 04 0.27242E-02 
0127990E 04 0.2t714rC2 
0 A28525E 04 0.2C2bbE-02 
CA29DSlE 04 0.25871&02 
0129562E 04 0*24778E-02 
0~30063E 04 0.24791E-02 
0:30556E 04 0.241 C7E-02 
0;31038f 04 0.23607%02 
C131512E 04 0.23358E-C2 
0;31978E 04 0.22854E-02 
C.32437E 04 0.22621~~02 
01328SbE 04 0.22818E-02 
ci33351E: 04 0.22273E-02 
OA33 BOOE 04 0.22224E-02 
0134243E 04 0.21672E-02 
0 A346 79E 04 0.21442E-02 
CA35106E 04 0.20922+02 
Ci35527t 04 0.2C78ZE-02 
Ob35946E 04 0.2C716E-02 
C;36357E 04 0.2C019E-02 
0 136757E 04 0,15567E-02 

T INF= 21.49 @EG C 
xvo= 108.4 CM 

DST DREEN 
C-743 E-04 23. 
0.781E-04 22. 
0.807E-04 26. 
0.804E-04 30. 
0.797E-04 33. 
0.788 E-04 36. 
0.79CE-04 39. 
0.789E-04 41. 
0.791E-04 44. 
3.792 E-04 46. 
0.791E-04 48. 
0.783E-04 50. 
0.990E-04 51. 
C.l06E-03 51. 
O.lOSE-03 51. 
O.l02E-03 51. 
O.lCOE-03 51. 
0.985E-04 51. 
0.954E-04 51. 
0.940E-04 51. 
0.921E-04 51. 
0.922E-04 51. 
O.BSlE-04 51. 
0.904E-04 51. 
0.87lE-04 51. 
0.912E-04 51. 
0.815E-04 51. 
0.906E-34 51. 
0.832E-04 51. 
5.856E-04 51. 
0.826E-04 51. 
0.811E-04 51. 
0.812E-04 51. 
0.782E-04 51. 
0.813E-04 51. 
0.873E-04 51. 

UNCERTAINTY Ih b0.05146 IN RAlIO 

M F f2 THETA 

0.78 0.0254 21689 0.026 
0.79 0.0256 22114 0.042 
0.79 0.0257 22~10 0.039 
0.79 0.0256 22109 0.038 
0.79 0.0254 22A15 0.042 
0.78 0.0253 22125 0.049 
0.78 0.0254 22321 0.046 
0.79 0.0255 22J19 0.045 
3.79 0.0255 22119 0.045 
0.79 0.0256 22&27 0.050 
3.79 0.0255 22i28 0.050 

DT-1 

0.020 
0.020 
0.020 
0.020 
0.02 0 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 



FUN 102974 *C* DISCRETE HCLE RIG *** NAS-3-14236 STANTCIN NlMBET DATb 

TbCb 21.24 DEG C UINF= 11.75 M/S 
RHC= 1.186 KG/M3 VISC= O.l5254E-04 M2/S 
CP= 1311. J /KGK PR= 3i715 

*** 52CHiSL75 kC.75 TH=l P/D=? **r 

PLATE X 

29 

1 

229.4 

127.8 
2 132.8 

30 

r: 4 

232.0 

143.0 137.9 

5 148.1 
6 153.2 
7 159.2 
8 163.3 
5 168.4 

1J 173.5 
11 178.6 
12 183.6 
13 187.5 

P 14 190.1 4 t-J 15 192.7 
16 155.4 
17 19a.o 
le 200.6 
19 233.2 
20 205.8 
il 2QA.5 
22 211.1 
2: 213.7 
24 216.3 
25 218.9 
26 221.6 
27 224.2 
28 226.8 

REX TO 
.).14S4EF 

C.S325CE ‘06 

06 ?a. 15 

37.12 

0.1886lE 06 

3.952655 

38.13 
0.227745 

06 

06 

37.45 

3‘8. 1’3 
0.2668dE 36 23.11 
0.306OlE 06 Id.13 
C.34514E 06 38.13 
0.3a437E 06 28.13 
0.42 34JE 36 28. I? 
U.46253E 06 38.15 
3. t’)lbtE 96 38. 13 
0.54080E 06 ?a. 15 
3.57943E 16 58.15 
0.60967E I) 6 36.67 
0.62S32k D6 ?6.4C 
c.t4997fE J6 46.72 
0.67C22E 06 36.78 
0.69047E 0 t :t. E4 
d.71063E Ot 36.64 
0.7307EE at ?6. E6 
u. 75093E 0 t ?7.C3 
C.77108E 06 37.c5 
0.791245 06 37.05 
0.81139E 06 37. c5 
0. E31t4E 06 37.22 
0. E518SE 06 .37.12 
0.87204E 06 36.59 
0.89219E 0 6 36.36 
O.Sl235E 06 27.16 

31 234.6 0.47281E C6 27.47 
?r * 237.3 0. S9306E 06 37.35 
33 239.S O.liJ133E 07 37.35 
34 242.5 0.13335E 07 37.16 
35 245.1 0.1053tE 07 27.24 
3t 247.8 C.10738E 07 36.53 

LKCERTLINTY IN REX=lS56t. 

PEFNTH 
Cb5263iE 03 
Cl638891 C3 
3.16217F 04 
0 r25 S59C 04 
a .3577x 04 
C ~45012E 04 
0.54450E 04 
i ;53 i33Ct: 04 
0 173257F 04 
Ora25EsE 04 
C.9161@E 04 
0;13041E 05 
0.10657E 05 
C~108S3E 05 
OilOSZSE 05 
U ilC964E 05 
CilOSS7E 05 
c11103oE 05 
OtllC62E 05 
0111092E 05 
Ci11122E 05 
C111151E 05 
ilr11179E 05 
Cb112C7E 05 
0111234E 05 
Cb1126CE 05 
0~11286E 05 
CAllZllE 05 
Cil1336E 05 
0111362E 05 
0;11386E 05 
0111411E 05 
0111435E 05 
0111459E 05 
0111482E 05 
C.11505E 05 

T IhF= 21.18 DEG C 
Xvo= lCE.4 CM 

STANTON NO OS1 
3.25512E-02 9.733 E+34 
0.2EC23E-02 0.687E-04 
3.2C625E-02 0.693E-04 
0.2 51@2E-C2 0.664E-04 
0.2326CE-02 0.648E-04 
0.22077E-02 0.639E-04 
0.22Ci3E-02 0.639E-04 
0.21405E-02 0.634E-C4 
O.i1097E-02 0.631E-04 
0.2C745E-02 0.629E-04 
0.20348E-02 0.626E-04 
O.l996lE-02 0.623E-04 
c.le335E-02 0.644E-04 
3.17976E-02 0.691E-04 
O.l72E3E-02 0.683E-04 
O.l6892E-02 0.661E-04 
C.l1454E-02 0.650E-04 
0.153 77E-02 0.634E-04 
C.l5378E-02 0.603E-04 
C.l5012E-02 0.599E-04 
O.l4372E-02 0.578E-04 
O.l4366E-02 0.585E-04 
J.l3848E-02 0.564E-04 
0.135 15E-02 0.572E-04 
C.l3032E-02 0.547E-04 
C.l3242E-02 .0.571E-04 
C.l2336E-02 0.499E-04 
C.l2535E-02 0.559E-04 
O.li614E-02 0.518E-04 
3.12432E-02 0.540E-04 
0.12052’-02 0.519E-04 
C.l2063E-02 0.517E-04 
C.l1869E-02 0.514E-04 
O.l1673E-02 0.492E-04 
C.l1555E-02 0.526E-04 
C.l1298E-02 0.559E-04 

UNCERTAINTY IN’F=O.C514t Iti RATIO 

DREEN 
20 . 
31. 
46. 
57. 
67. 
74. 
82. 
88. 
94. 

100. 
105. 
109. 
111. 
111. 
111. 
111. 
111. 
111. 
111. 
111. 
111. 
111. 
111. 
111. 
111. 
111. 
111. 
111. 
111. 
111. 
111. 
111. 
111. 
111. 
111. 
111. 

H F T2 THETA DT-I 

0.74 0.0241 36At36 0.925 
0.73 0.0238 37~03 0.935 
0.74 0.0238 37A30 0.952 
0.70 0.0227 37A14 0.941 
0.73 0.0238 36:83 0.923 
0.73 0.0236 36185 0.924 
0.72 0.0233 37i14 O.%l 
0.73 0.0237 36&74 0.917 
0.72 0.0234 36A39 0.897 
0.72 0.0233 36Lll 0.879 
0.71 0.0231 35A44 0.840 

0.018 
0.018 
0.018 
0.018 
0.018 
0.018 
0.018 
0.018 
0.018 
0.018 
0.018 



RUN 102874 *+* DISCRETE HCLE RI6 *** NAS-3-14336 STANTCh NUMBER CATA 

+** SZOHSL75 Mt0.75 TH=O P/D=5 +*t 

RUN lJ2974 +f* DISCRETE HCLE RIG *t** N4S-3-14336 STANTON NUYBER D4T4 

*** 52OliSL75 c=o.75 Th=l P/D=5 

LINEAR SUPERPOSITICN IS AFPLIEC TO STANTON MJYBER DATA FROM 
RUN NUMBERS 102974 4x9 I.12574 10 OBTAIN STANTCN NUMBER CAT4 AT 

PLATE REXCOL 

1 
2 
3 
4 
5 

t 
8 

1'0 

145570.7 
183725.4 
227EaOiO 
267C34.7 
304189.3 
345343.9 
38449 e-6 
423653.3 
462007.9 
501562.t 
541117.2 
580271.9 
OlOC29.4 
t30194.1 
CSiJ358.5 
670t21.0 
693E83.6 
711046.3 
731212.5 
751317.5 
771542.4 
791767.0 
811871.6 
832133.5 
E5239t.b 
e725lYl1.1 
852725.8 
512e9C.4 
533055.3 
953219.9 
573384. b 
593t4t.5 

1013s09.0 
lC34074.0 
io5423a. J 
1074403.0 

11 
12 
13 
14 
15 
16 
17 
la 
15 
2:, 
il 
2' 
23 
24 
25 
26 
27 
ie 
29 
3J 
21 
-2 
33 
34 
35 
36 

P.E DEL2 jT( TH=@ 1 RE XH OT 

526.6 0.003CC5 149481.8 
651 .O 0. co3348 188613.1 
707.4 0.003623 227744.4 
929.2 o.co36la xte75.a 

1069.7 0.003557 306007.2 
1207.3 J.CO3457 345138.6 
1342.9 0.003485 384269.9 
1479.2 l.CO3479 423401.3 
1615.7 o.co3491 462532. b 
1753.1 o.o03F,25 501664.0 
1891.5 3.co2521 54c795.3 
2027.5 O.GO3450 579926.7 
2125.9 I. c0305t tOSbbt.6 
218b .d 0.002978 629819.3 
2245.7 O.COZEt2 b4CS71.9 
2302.8 0.002788 670222.1 
2358.5 3. CO2735 690472.7 
2413.3 !J.C02690 710625.3 
2467.2 3.002652 730777.9 
2519.6 C.CO2538 750930.6 
2570.9 0.CO2543 771083.5 
2621.5 O.CO2471 7Sl23C.l 
2670.9 0.002421 811388.8 
2719.5 J.51)2357 e31t39.0 
‘767.4 0.002346 E51809.5 
2E14.5 3.CC2320 872042.2 
2861.5 O.CO2346 892194.0 
2906.4 J.OC22e7 912347.4 
2954.5 O.CO2282 932500.3 
3CO.J.3 0 . CrJi224 952652.9 
3044.7 J.CO2202 972005.6 
3C33.6 5.002147 993055.0 
3131.8 O.CC2133 1013306.0 
3174.a O.OOil27 1033459.0 
3217.0 O.OOiO54 lOE3611.0 
3258.0 O.COZOOa 1073764.0 

RE DEL2 .ST(fH=l) 

526.3 O.O.J2951 
638.0 0.002750 

lbe9.C 0.002805 
2721.5 t.002452 
3745.2 0.002256 
4718.5 0.002117 
5731.0 0.002102 
t734.1 0.032044 
7726.5 0.c02004 
6731.6 0.05192t 
5722.4 C.001848 

10702.6 0.001755 
11656.7 r).oo1t34 
11bas.z 0.0~11605 
11721.1 0.001543 
11751.5 c.oo151c 
11781.5 O.‘JO146@ 
11811.1 C.OO142C 
11639.1 !J.311356 
11866.2 0.001332 
11692.3 0.001257 
11917.8 o.ooi2ta 
11942.f 0.001216 0.498 1.091 
11967.C G.001181 0.507 1.085 
11990.3 0.001133 Oh517 1.068 
12313.5 'I.331162 0.499 1.061 
12035. a C.001052 0.552 1.078 
12057.4 O.J-ll385 3.526 1.055 
12075.4 0.1)0109~ 0.520 1.057 
12101.4 O.r)31083 3.513 1.335 
12122. e 0.001043 0.527 1.029 
12143.S 3.331053 3L515 1.008 
12165.C c.001033 Ob51b 1.005 
iila5.t 0.001011 0.525 1.006 
12206.0 0.001011 01535 0.975 
1222t.1 0.000987 0.509 0.957 

ST4hTCN klJYRER RATIO BAjFC Ob ST1PFst0.4=0.0295+REX~*(-.2~ 

*** 

TH=O AP!O TH=l 

ET4 STCF? 

uuuuu 1.088 
0.176 1.127 
OI226 1.266 
0.322 1.306 
0.366 1.319 
01388 1.313 0.0254 
0.397 1.353 0.0253 
Jc413 1.377 
0.42b 1.406 
0.454 1.443 
0.475 1.463 
0.490 1.454 
0.455 1.301 
0+4bl 1.276 
Oh461 1.234 
0.458 1.209 
0.463 1.193 
0.472 1.181 
7.489 1.170 
0.475 1.126 
3.5)b 1.135 
0.487 1.108 

F-COL STHR F-HOT ‘,YSB 

0.0000 
0.0254 
0.0256 
0.0257 
0.0256 

1.068 
0.928 
0.981 
8.885 
0.037 
O.RO4 
13.816 
0.809 
0.807 
0.788 
0.768 
0.741 
0,695 
o.t0a 
0.665 
0.655 
0.640 
0.623 
0.590 
0.591 
0.561 
0.568 
0.548 
0.535 
0.516 
0.531 
0.433 
0.551 
0.507 
9.504 
0.487 
0.494 
0.486 
0.478 
0.480 
8.470 

0.9000 1.058 
0.3 241 3.563 
0.0238 3.693, 
0.0238 3.622 
0.3227 3.501 
0.0230 3.605 
0.0236 3.654 
0.0233 3.666 
0.3237 3.743 
5.9234 3.721 
0.3233 3.704 
0.3231 3. b73 

0.0254 
0.0255 
0.3255 
0.0256 
0.3255 

STANTGN IrUCtiEC RATIO FOK TH=l IS CCNVERTED TO COMPARABLE TRANSPIRATION VPLUE 
LSING ALOGtl + RI/B EXPR~SSICN IN THE BLOWN SECTICh 



RUN 120274 VELOCITY AND TEMPERATURE PROFILES 

PEX = 0.14592E 06 REM = 50 1. REH = 430. 

xv0 = 109.04 cn. DEL2 = 0.064 CM. DEH2 = 0.055 CM. 
UINF = 11.62 V/S OEL99= 0.46b CM. DELT99 = 0.479 CM. 
VISC = 0,1491tE-04 HZ/S DEL1 = 0.137 CM. UINF = 11.62 4/S 
PORT = 19 H = 2.130 VISC = O.l4931E-04 W/S 
XLOC = 127.76 2P. CF/2 = 0.15863E-02 TINF = 17.86 OEG C 

YfCM.1 Y/DEL U(r/S) U/U!NF v+ 

TPLATE = 34.06 DEG C 

u+ Y(CH.1 TtDEG Cl TBAR TEAR. 

0.025 0.054 3.21 0.276 7.9 6.93 O.OL65 
0.028 0.060 3.30 0.284 a.7 7.14 0.0191 
0.030 0.065 3.36 C.289 9.5 7.27 J.0216 
0.033 0.071 3.45 C.297 13.2 7.47 0.0241 
0.038 0.081 3.55 0.309 ll.b 7.76 0. i)292 

31.77 0.141 
30.65 0.211 
30.12 0.244 
29.81 0.263 
29.22 0.299 

0.859 
0.789 
0.756 
0.737 
0,701 

0.043 0.092 3.88 0.334 13.4 b.39 0.3343 28.65 0.335 0.665 
0.051 0.108 4.15 0.361 15.8 9.05 0.0419 28.12 0.368 0.632 
0.061 a.130 4.48 0.386 18.9 9.6ij 0.5495 27.55 0.403 0.597 
o.c74 0.157 4.83 0.415 22.9 10.*3 0.0s97 26.99 0.438 0.562 
0.089 0.190 5.33 0.459 27.6 11.52 0.0724 26.42 0.473 0.527 

0.107 0.228 5.bF c.490 33.1 12.25 ii.OSSl 
0.127 0.271 6.3t c.547 35.4 13.74 O.1003 
0.150 0.320 7.02 0.604 4b.5 15.17 3.1156 
0.175 0.374 7.86 0.676 54.4 10.9&l 0.1334 
0.201 0.428 8.53 0.734 62.3 18.43 0.1537 

25.80 
25.21 

0.488 
0.452 

24.66 
23.87 
23.07 

0.512 
0.548 
0.582 
0.631 
0.681 

0.41 e 
0.369 
0.319 

0.226 0.483 9.13 0.786 70.2 19.73 0.1791 22.17 0.737 0.263 
0.251 0.537 9.61 C.827 7a.o 20.76 0.2345 21.39 0.784 0.216 
0.277 0.591 9.98 G.859 85.9 21.56 0.22YY 20.72 0.826 0.174 
0.302 0.645 10.41 c. e96 93.8 22.50 0.2553 20.10 0.864 0.136 
0.328 0.700 10.76 0.926 101.7 23.24 0.2807 19.56 0.898 0.102 

0.353 0.754 LO.90 C.938 109.6 23.56 0.3061 19.23 0.919 0.081 
0.378 0.8OR 11.1c 0.955 117.5 23.99 0.3315 18.89 0.940 0.060 
0.404 0.862 11.25 C-968 125.3 24.31 0.3569 18.61 0.957 0.043 
0.429 0.917 11.35 c.977 133.2 24.52 0.3823 18.42 0.969 0.031 
0.455 0.971 11.47 0.987 141.1 24.73 0.4077 18.30 0.976 0.024 

0.480 1.025 11.51 0.990 149.0 
0.505 1.079 11.55 a.994 156.9 
0.531 1.134 11.62 1.000 164.M 

24.67 0.4331 18.17 
24.97 0.4585 18.12 
25.11 0.4839 18.05 

0.509 18.00 
0.535 17.98 

0.904 
0.987 
0.992 
0.995 
0.99b 

0.016 
0.013 
0.008 
0.005 
0.004 

0.560 17.95 0.998 0.002 
0.5ii5 17.92 1.000 0.000 



RUN 1.20274 *C* DISCRETE HCLE RI6 *** NAS-3-14336 STANTON NWBER CATA 

TADB= 17.70 OEG C U INF= 11.55 H/S 
RHO= 1.202 KG/M3 VISC= O.l4SllE-04 M2/S 
CP= 1012. J/KGK PR= GA717 

*** 5 ZOHSLF P P/D=10 *** 

PLATE X RE X 
1 127.8 0.14482E 06 
2 132.8 0.18417E 06 
3 137.9 0.2235lE 06 
4 143.0 0.26285E 06 
5 148.1 0.30220E 06 
6 153.2 0.34154E 06 
7 158.2 0.38088E 06 
8 163.3 0.42023E 06 
9 1.68.q 0.45957E 06 

10 173.5 0.49891E 06 
11 17A.6 0.53826E 06 
12 183.6 0.57760E 06 
13 187.5 0.60750E 06 
14 190.1 0.62776E 06 
15 192.7 0.64802E 06 
16 195.4 0.66836E 06 
17 198.0 0.688.74E 06 
18 200.6 0.70901E 06 
19 203.2 0.72927E 06 
20 205.0 0.74953E 36 
21 iOE.5 0.76S79E 06 
22 211.1 C.79005E 06 
23 213.7 O.alO32E 06 
24 216.3 0.83068E 06 
25 218.9 0.85104E 06 
26 221.6 0.87130E 06 
27 224.2 0.89156E 06 
28 226.8 0.91182E 06 
29 229.4 0.9320aE 06 
30 232.0 0.95234E 06 

,31 234.6 0.9726lE 06 
32 237.3 0.99297E 0 6 
33 239.9 0.10133E 07 
34 242.5 0.10336E 07 
35 245.1 0.10539E 07 
36 247.8 0.10741E 07 

TO 
33.63 
23. t2 
63.65 
33.65 
-33.63 
33.65 
33. t9 
23.69 

BEE NTH 
0142884E -03 
CA53195E 03 
Oi64285E 03 

23.. 65 
33.63 
33.t5 
33.67 
32.24 
il.E6 
22.05 
32.c9 
32.07 
31.59 
31.s3 
22.05 
z1.e2 
31.82 
21.57 
52.07 
31.93 
31.84 
IO.60 
31.88 
31.E2 
32.20 
22.20 
.32.05 
12.03 
31.78 
31.55 
,31.65 

C J75171E 03 
0185825E 03 
0196241E 03 
0110630E 04 
Alll1602E 04 
OJ12550E 04 
0.13489E 04 
CAl4409E 04 
0115a12E 04 
0115967E 04 
ollba9oE 04 
Oi16a22E 04 
0117251E 04 
0.17678E 04 
011a107E 04 
0118533E 04 
C.18957E 04 
01193a0E 04 
Oi198CllE 04 
0~2022SE 04 
0 J20640E 04 
0121D55E 04 
0121468E 04 
OA21886E 04 
0122303E 04 
C122722E 04 
0~23142E 04 
0123554E 04 
0 &23 960E 04 
0124363E 04 
OL24764E 04 
0125163E 04 
Oi25548E 04 

tINF= 17.64 DEG C 
xvo= 105.1 CM 

STANTON NO LIST DREEN 
O.t4237E-02 0.692E-04 39. 
O.2817bE’-O2 0.726E-04 0 39. 
0.2E203E-02 0.725E-04 39. 
0.27133E-02 0.715E-04 40. 
0,27025E-02 0.715E-04 40. 
0.25923E-02 0.705E-04 40. 
0.25213E-02 0.69aE-04 40. 
0.24206E-02 0.690E-O4 40. 
0.23988E-02 0.689E-04 40. 
0.23739E-02 0.6aaE-04 40. 
0.23021E-02 0.682E-04 40. 
0.2290 lE-02 0.68OE-04 40. 
0.20178E-02 0.712E-04 40. 
0.2 146 IE-02 0.805E-04 40. 
0,21198E-02 0.813E-04 40. 
O.ZlOlSE-C2 0.799E-04 40. 
0.21148E-02 0.805E-04 40. 
0.21121E-02 0.804E-04 40. 
0.20924E-02 0.785E-04 40. 
0.20at6E-02 0.799E-04 40. 
0.2079 lE-02 0.783E-04 40. 
0.21458E-02 O.a13E-04 40. 
O.l9965E-02 0.772E-04 40. 
0.20617E-02 0.802 E-04 40. 
0.20266E-02 0.779E-04 40. 
0.204 eOE-02 D.a27E-04 40. 
0.20741E-02 0.743E04 40. 
0.20389E-02 0.831E-04 40. 
0.2CBbbE-02 0.7alE-04 40. 
0.20533E-02 0.804E-04 40. 
0.20084E-02 0.778E-04 40. 
O.l9943E-02 0.769E-04 40. 
O.l9780E-02 0.770E-04 40. 
O.l581BE-02 0.747E-04 40. 
O.l9455E-02 0.783E-04 40. 
0.185a.lE-02 0. a29E-04 40. 

SfLTHMI 
0.31299E-02 
0.29831E-02 
0.28698E-02 
0.27782E-02 
0.270.18E-02 
0.26364E-02 
0.25796E-02 
0.25293E-02 
0.24845E-02 
0.24440E-02 
0.24072E-02 
0.23734E-02 
0.23496E-02 
0.23342E-02 
0.23195E-02 
0.23051E-02 
0.22914E-02 
0.22781E-02 
0.22653E-02 
0.22529E-02 
0.22409E-02 
0.22293E-02 
0.2218lE-02 
0.22071E-02 
0.21964E-02 
0.21861E-02 
0.21761E-02 
0.21663E-02 
0.2156aE-02 
0.21476E-02 
0.21385E-02 
0.21297E-02 
0.21211E-02 
0.21127E-02 
0.21045E-02 
0.20965E-02 

RATIO 
0.774 
0.945 
0.983 
0.977 
1.000 
0.983 
0.977 
0..957 
0.965 
0.971 
0.956 
0.965 
0. a 59’ 
0.919 
0.914 
0.912 
0.923 
0.927 
0.9 24 
0.926 
0.928 
0.963 
0.900 
0.934 
0.923 
0.937 
0.953 
0.941 
0.967 
0.956 
0.939 
0.936 
0.933 
0.938 
0.924 
0.886 



PUh 121i174-1 *** CISCRETE HCLE RI6 *** NAS-3-14336 STANTON NW BER DATA 

fAOB4 18.88 OEG C U INF= 11.49 M/S T IhF= .le.ez OEG c 
HHC= 1.232 KG/H3 VISC= O.l496OE-04 M2/S xva= 109.1 CM 
CP- 1011. J/KGK PR= 01716 

*** 520HSL40 W0.4 TH=3 P/O=lC .** 

PLATE X REX TO 
1 127.8 0.14364E 06 ,21.55 
i 132.8 0.182666 06 11.55 
3 137.9 0.22169E 06 ~31.55 
4 143.3 0.260JlE 36 31.55 
5 148.1 0.29973E 06 .31.55 
6 153.2 0.338J5E 06 Zl.S7 
7 158.2 0.3775aE 05 31.55 
8 163.3 0.416ElOE 06 31.57 
9 160.4 0.45582E 06 11.59 

10 173.5 0.49484E Q6 31.57 
11 178.6 il.53387E 56 31.55 
12 183.6 0.5728YE 06 21.57 
13 187.5 0. CD255E 06 30.55 

5 14 190.1 0.62264E 06 30.31 
ul 15 192.7 O.t4274E 06 3. 50 

16 195.4 O.f6283E 36 30.5C 
17 198.0 0.68313E 06 30.50 
18 200.6 0.70322E 06 30.44 
15 203.2 0.72332E 06 33.38 
20 205 :8 .0.74342E 36 -30.46 
21 208.5 0.76351E 06 20.42 
22 211.1 0.78361E 06 30.48 
22 213.7 O.eC371E 06 30.44 
24 216.3 O.E2390E 06 30.48 
25 219-S 0.84410E 06 30.42 
26 221.6 0.86419E 06 30.:1 
27 224.2 0.88429E 06 29.50 
28 226.8 O.SO433E 06 30.35 
29 229.4 0.92448E 06 30.33 
30 232.3 3.54458E 06 23.L5 
31 234.6 0.96468E 06 30.65 
3i 237.3 C.58487E 06 30.56 
33 239.9 0.10051E 07 30.50 
34 242.5 0.10252E 07 20.33 
35 245.1 0.13453E 07 30.46 
3t 247.8 0.10654E 07 30.17 

UNCERTAIhfY IN REX=l951<1. 

REE FiTH SlAhTON NO OS r 
Ob52290E 03 0.25906E-02 O.@35E-04 
Cdb3(128E 03 J.29126E-02 5.863E-04 
Oi76327E 03 0.251 CBE-02 0.863E-04 
JA89115E 03 3.26511E-02 cJ.84OE-04 
0.10194E 04 0.27423E-02 0.848E-04 
CA11442C 04 0.24729s-02 3.824E-04 
0112666E 04 0.2t3C5E-02 0.838E-04 
0413891E 04 0.24807E-02 3.825E-04 
Cil5CSSE 04 0.24966E-02 0.825E-04 
0116286F 04 0.23724E-02 0.816E-04 
C.17457E 04 0.24021E-02 O.a19E-04 
0.18613E 04 0.22931E-02 O.alOE-04 
J119523E 04 3.21369E-02 0.777E-04 
0;20206E 04 0-i 1949E-02 0.673E-04 
C 62 J644E 04 0.21670E-02 0.871E-04 
0121080E 04 0.2161 eE-02 0.860E-04 
Cd21516E 04 0.21707E-02 0.866E-34 
0121954t 04 0.21862E-02 0.872E04 
3122390E 04 0.2145OE-C2 0.844E-04 
0 A22825E 04 O.i1766E-02 0.861E-04 
Oi23253E 04 0.20&316E-02 0.827E-04 
0~23 676E 04 0.21244E-02 0. e5aE-04 
0 ~2405 7E 04 0.206236-02 3.832E04 
C.24520E 04 0.21416%02 O.a69E-04 
Ci24945E 04 0.20792E-02 0.845+G4 
0;253tiE 04 O.Zlll@E-02 0.889E-04 
0.25751E 04 O.illOSE-02 O.a15E-04 
Cd262 15E 04 0.20973E-C2 0.890E-04 
0~26642E 04 0.215CBE-02 0.846E-04 
Or27E70E 04 O.i1322E-02 r).865E-04 
0127407E 04 0.204E5E-02 0.833E-04 
0;27897E 04 0.20273E-02 0.828E-04 
C:28305E 04 0.2C261E-02 0.826E-04 
Ci2871OE 04 0.20017E-02 0.799E-04 
0129110E 04 0.15746%02 d.842E-04 
OA29500E 04 O.l&951E-02 0.988E-04 

UNCERTAINTV Ih F=O.O5155 IN ‘RATIO 

0 REEN 
39. 
39 i 
39. 
39. 
40. 
40. 
40. 
40. 
40. 
40. 
40. 
40. 
41. 
41. 
41. 
41. 
41. 
41. 
41. 
41. 
41. 
41. 
41. 
41. 
41. 
41. 
41. 
41. 
41. 
41. 
41. 
41. 
41. 
41. 
41. 
41. 

M F it’ THETA OTi 

0.42 0.0034 20176 0.147 0.023 
0.00 0.0034 31395 0.147 0.024 
0.42 0.0034 21;09 0.173 0.023 
0.00 0.0034 31r95 0.173 0.024 
3.42 3.0534 2lJlO 0.173 0.023 
0.00 0.0034 31r95 3.173 0 -024 
3.42 0.0034 21b19 0.180 0.323 
0.00 0.0034 3iA99 0.180 0.024 
0.42 0.0034 21~23 D.183 0.023 
0.00 0.0034 31.95 0.183 0.024 
0.42 0.0034 21.27 0.186 0.023 



RUN 121074-2 *** DISCRETE HCLE RI6 *** NAS-3-14336 STANTCN NW BER CATA 

TAOB= 18.94 GEG C U INF= 11.49 M/S 
RhO= 1.202 KG/M3 VISC= O.l4Sk5E-04 H2/S 
CP= 1011. .I/ KCK PR= Oh716 

*** 5 20HSL4G M= 0.4 fH= 1 P/C=10 *** 

PLATE X REX T!J 
1 127.8 0.14361E 06 32.57 
2 132.8 3.18262E 06 32 .5@ 
3 137.9 0..22163& 06 32..60 
4 143.0 0.26065E 00 22.60 
5 148.1 0.29966E 06 32.58 
6 153.2 O-33667& 06 22. to 
7 158.2 0.37769E 06 .12.tO 
0 163.3 0.41670E 06 12.60 
9 168.4 0.455,71& 06 12.58 

10 173.5 0.49473E 06 32.5R 
11 178.6 0.533.74E 06 22.62 
12 183.6 O-57275& 06 22.58 
13 187.5 0.63240E 06 31.46 

t; 14 190.1 0.62250E 06 32.57 
m 15 192.7 0.64259& 06 33. il 

16 195.4 0.66278E 06 33.21 
17 lS8.0 0.68237E 06 23.20 
16 200.6 0.70306E 06 33.14 
19 203.2 O-72315& 06 13.10 
2C 205.8 0.74324E 06 33.11 
21 208.5 Cl.763337 06 23.16 
22 ill.1 0.70342E 36 33.12 
23 213.7 0.80352E 06 33.c4 
24 216.3 C.E2371& 06 33.23 
25 218.9 0.84390E .06 23.12 
2C 221.6 a. Eb-7!99E 06 52.55 
27 224.2 O.B8408E, 06 22.24 
28 226.8 0.90417E 06 33.08 
29 229.4 O.S242tE 06 33.co 
30 232.0 G.54455E 06 33.27 
31 234.6 0.5t445E 06 33.29 
32 237.3 0.58464E 06 33.08 
33 239.9 C.l0C4k?E 07 33.10 
34 242.5 0.10249E 07 I2.L7 
35 245.1 0.10450& 07 33.02 
3t 247.8 O.lG651E 57 22.66 

UKCERTAINTY IN R&X=19507. 

AEE NTH 
Ci52278E 03 
Ct62237E 03 
0.851E’E 03 
01107;iE 04 
0.1269X 04 
0.14607E 34 
0116558E 04 
Oi18504E 04 
CA2023 EE 04 
0121945E 04 
Or23781E 04 
0~255S7E 04 
OL27116E 04 
012A416E 04 
Gr20735E 04 
C12SC86E 04 
C b29442E 04 
0.25802& a4 
a .30 159& 04 
Ci3352GE 04 
0;30t37!E 04 
0131229E 04 
0;3158PF 04 
0.31944E 04 
C.323GOE 04 
C r32661li 04 
C.3301SE a4 
0133371E 04 
‘J)r33729E 04 
a .34093E 04 
013445 1E 04 
G134806E 04 
0135159E 04 
C~3550SE 04 
C&35855& 04 
0136196E 04 

T INF= la-e8 DEG C 
xva= 1OS.l CM 

STAhTON NO DST DREEN 
0.248726-02 0.798E-04 39. 
0.2tl@5&-02 O.t307E-04 39. 
0.2518 lE-02 0.798E-04 40. 
0.23261E-02 0.783 E-04 40. 
O-2260 l&-02 0.779&-04 40. 
0.21201E-02 O-768&-04 41. 
0.21561E-02 0.770E-04 41. 
0 -20969602 0.766E-04 41. 
0.20237E-02 0.762E-04 41. 
O.l9612E-02 0.757E-04 42. 
O.l5052E-02 0.752E-04 42. 
0 .l f647E-02 0.751E-04 42. 
0,21799E-02 6.725E-04 42. 
0,14356E-a2 0.689E-04 42. 
3.17495E-02 0.699E-04 42. 
O.l7520E-02 0.694E-04’ 42. 
O.l7827E-02 0.705E-04 42. 
O.l7873E-02 0.707E-04 42. 
0.17722&-02 0.691E-04 42. 
O.le16.ilE-02 0.709&-04 42. 
0.172GOE-02 0.681E-04 42. 
O.l7964E-02 0.714k04 42. 
0. 17755&-02 0.6F7&-04 42. 
3.17629E-02 0.717504 42. 
O.L7737E-02 0.708E-04 42 . 
O.l8175E-02 0.744E-04 42. 
G.li406E-02 0.661E-04 42. 
0.1757&E-C2 0.737E-04 42. 
O.lf053E-02 0.700E-a4 42. 
O.l@lCBE-02 0.729E-04 43. 
O.l7505E-02 0.706 E-04 43. 
O.l7774E-02 0.704E-04 43. 
3.17362E-02 0.701&-04 43. 
0.173 7ZE-a2 0.678E-04 43. 
0.17046&-02 0.717E-04 43. 
a. 168 70&-a2 0.758 E-04 43. 

IJNCERTAINTY IN F=O.O5155 IN RATIO 

M F 12 THETA 

0.42 0.0034 32~27 0.977 0.023 
0.00 0.0034 32260 0.977 0.023 
0.37 0.0030 31J34 0.908 0.022 
0.00 0.0030 32)58 0.908 0.023 
0.39 0.0032 ?lJ26 0.902 0.022 
0.00 0.0032 32ibO 0.902 0.023 
0.32 0.0026 31r61 0.928 0.022 
0.00 0.0026 32158 0.928 0.023 
0.39 0.0031 31,03 0.887 0,022 
0.00 0.0031 32462 0.867 0.023 
0.34 0.0027 30188 0.875 0.022 

DTi 



RUN 121074-l *** DISCHETE HGLE RIf +** NAS-3-14336 ST ANT’%  NlJY BES OAT A 

*** 520HSL40 M10.4 Th=O P/D=10 *** 

RUN 121074-2 *** LISCRETE HCLE RlE *** NAS-3-14336 STANTCh FIUMBFR DATA 

.** 520HSL40 H=0.4 TH=l P/D=10 *** 

LIhEAR SLPERPOSITTON IS APPLIED TO STANTON NUMBER CATA FRCC 
RUN WCBERS 121074-l AND 121074-2 TO OBTAIN STANTON NUH@ER CATA AT TH=O AF!D W=l 

PLATE FE XCOL RE CELZ STLTH=O) REXHOT RE OELZ ST(TH=ll ETA STCR F-COL STHR =-HDf LOGB 

143641.8 
182664.3 
22168t.0 
260709.3 
299731.0 
33a754.4 
377776.9 
416799.4 
455821.9 
494844.4 
533066.9 
572089.4 
602546.6 
622643.1 
642739.8 
bb 2933. b 
t03127.9 

522.9 
b31.3 
747.3 
058.5 
967.2 

1072.8 
1176.2 
1279.9 
1381.0 
1480.3 
1577.9 
1674.3 
1742.6 
1788.1 
1835.2 
1000.9 
1926.6 
1572.6 
2016.2 
2063.6 
2108.4 
2152.6 
2196.3 
2240.4 
2204.7 
2328.4 
2372.7 
2416.9 
2461.4 
2505.9 
2549.2 
2591.7 
2633.9 
2675.9 
2717.3 
2757.5 

0.002591 
0. t029t5 
0. ooi500 
0.002710 
0.002656 
0.002556 
O.OO2743 
0.002572 
0.,002610 
O.CO2475 
0.002531 
O.C024C? 
0.002125 
0.002356 
O.OOi280 
O.OQ2270 
O.CO2273 
0.002292 
0.002244 
0.002272 
0.002177 
0.002211 
O.OCl2138 
0.002242 
0.002160 
0.002109 
O.OO2200 
O..CO2187 
0.002241 
O.OOi1?9 
0.402127 
0.002054 
0.~002103 
0.002072 
0.~02046 
0.001950 

0.00 248 7 
0.002610 
0.002507 
0.002302 
0.302200 
0.002074 
0.532093 
0.002053 

141607.7 522.0 
102620.9 622.2 
221634.1 054.C 
260647.4 107.9.0 
259660.6 1203.7 
330673.9 14E3.2 
377607.1 1600.2 
416700.3 1092.5 
455713.6 2071.7 
494726.8 2247.f 
533740.0 2442.6 
512753.3 2635.0 
602403.4 2750.5 
622495.2 2940.9 
642507.0 2970.0 
662776.1 3004.5 
602965.5 3030.7 
703057.3 3073.2 
723149.1 3107.7 
143240.9 3142.t 
763333.0 3176.9 
783424.8 3211.1 
003516.6 3245.9 
023705.7 3200.4 
843095.1 3314.8 
063906.9 3349.5 
084078.7 3304.5 
904170.5 3410.5 
924262.6 3453.1 
944354.4 348E.4 
564446.2 3523.2 
984635.3 3551.0 

1004824.0 3592.2 
1024916.0 3626.2 
1045000.0 3659.9 
10651OO.O 3693.2 

UUUUJ 1.069 
O&l20 0.992 
0.159 1.036 

0.0000 
0.0034 

0.153 
0.230 

0.0034 

0.3000 
O.OO34 

0.976 
1.055 
0.967 
l.Obl 
1.015 
1.040 
1.011 

0.0334 

0.189 
Oh237 
01202 

0.0034 
0.0034 

0.5030 
0.0030 

0.001970 OS242 
0.001909 0.229 

0.0034 
0.0034 
a.0034 
Ii.0034 
0.0034 
a.0034 
0.0034 

6.026 
0.073 
0.072 
0.027 
O.Rl2 
0.705 
0.039 
0.010 
0.794 
0.779 
a.757 
0.753 
0.929 
8.558 
0.717 
0.728 
0.747 
0.753 
0.753 
0.777 
0.738 
0.779 
0.777 
0.768 
0.702 
0.807 
0.769 
0.783 
0.008 
a.818 
0.793 
a.013 
a.794 
0.799 
0.786 
0.786 

0.0032 
0.0032 
0.0026 
0.0026 
0.3031 
0.0031 
0.0027 

1.026 
1.361 
1.377 
1.208 
1.204 
1.294 
1.330 
1.249 
1.243 
1.316 
1.298 
1.241 

10 
11 0.001025 04279 

0.001792 0.256 
0.002107 ***** 
0.031306 0.455 

1.049 
12 
13 

t; 
14 

-I 15 

:; 

1.012 
0.903 
1.024 
0.901 
0.903 

0.001660 
0.001602 
0.001717 
0.001719 
0.001709 
0.001755 
0.001658 
0.001740 
0.001727 
0.001698 
0.001722 
0.001767 
O.OOlb78 
0.001700 
0.001747 
0.001761 
0.001700 
0.001735 
0.001687 
0.001693 
0.001658 
0.001651 

01269 
01259 
0.245 
0~250 
01238 
Oh220 
Oi230 
01213 
Oh193 
01242 
O&203 
01192 
OI240 
01223 
01221 
OLl92 
Oh201 
01171 
01198 
01183 
OJ189 
OAl53 

0.990 
1.004 
0.980 
1.006 
0.970 
0.990 
0.962 
1.014 
0.981 
0.999 

703224.4 
723321.0 

20 743417.6 
21 163514.4 
22 783611.0 
23 003707.6 
24 823901.5 
25 044095.7 
26 e64192.3 
27 E84200.8 
20 904385.4 
29 924402.3 
20 944578.8 
31 964615.4 
32 984869.3 
33 1005063.0 

1.013 
1.000 
1.037 
1.013 
0.993 
0.901 
0.989 
0.978 
0.970 
0.928 

34 1025160.0 
35 1015256.0 
36 1065353.0 

STIYTON MIMER RATIO BASEC ON ST*PR**O.4-O.O295+RE)pc*t-.2) 

STAUTQH NUMBER RAF10 FOR M-1 XS CBNVERTED TO CORPARLOME TRANSPIRATION VALUE 
USXNG ALlJGll + 8)./B ElPRESSIPN IA IHE BLOWN SECFIDW 



RUN 120574-l +** DISCRETE HOLE RI6 **+ NAS-3~14396 STANTCH NUMBER DATA 

TAC8= 19.95 DEG C UINF= 11.52 H/S 
RHO+ 1.201 KG/M3 VISC= O.l5027F-0.4 HZ/S 
CP= 1010. J/KGK PR= oi715 

*** 520HSL80 Nr0.8 THEO F/C=10 *** 

PLATE X REX To 
1 127.8 0.14331E 06 32.55 
2 132.8 O.la225E 06 32.55 
3 137.9 0.22118E 06 52.57 
4 143.0 0.26011E 06 32.53 
5 148.1 0.299.04E 06 32.55 
6 153.2 0.33798E 06 32.55 
7 158.2 0.376SlE 06 32.57 
8 163.3 0.41584E 06 12.53 
9 168.4 0.45478E 06 32.53 

10 173.5 0.49371E 06 52.51 
11 178.6 0.53264E 06 32.55 
12 183.6 0.5715% 06 22.55 
13 187.5 0.60117E 06 ‘1.13 
14 190.1 0.6212iE 06 35. e2 
15 192.7 0.64127E 06 31.OC 
16 195.4 0.66141E 06 51.00 
17 198.0 0.68156E 06 31.00 
18 200.6 0.70161E 06 ?0.96 
19 203.2 0.72166E 06 30.92 
20 205.8 0.74171E 06 30.96 
21 208.5 0.761.76E 96 20. so 
22 211.1 0.781~81E 06 30.58 
23 213.7 O.EOlB6E 06 30.92 
24 216.3 0.82201E 06 31.co 
25 218.9 0.84216E 06 3O.SO 
26 221.6 0.86221E 06 30. E2 
27 224.2 0.88236E 06 30.00 
28 226.8 3.93231E 06 ZO.Ed 
29 229.4 0.92236E 06 30.80 
30 232.0 J.94241E 06 31.15 
31 234.6 0.96246E (r6 21.13 
32 237.3 0.98261f 06 31.02 
33 239.9 0.10028E 07 31.c2 
34 i42.5 0.10228C 0 7 30.80 
35 245.1 0.10429E 07 30.54 
36 247.8 0.10629E 07 20.69 

UNCERtAIhTY IN AEX=L9467. 

,REENT I- 
0~52170E 03 
GJ63470E 03 
0179163E 03 
Ob94583E 03 
OJllO3OE 04 
CJ12572E 04 
C b14074E 04 
OJ15566E 04 
0:17044c 04 
0118516E 04 
0 ;19892E 04 
0121454E 04 
OJ22636E 04 
OA23560E 04 
0.24038E 04 
0124514E 04 
C124990E 04 
(3.25.465E 04 
OJ25937E 04 
Oi26412E 04 
Oi26884E 04 
0227347E 04 
Oi27810E 04 
Oi28273E 04 
0 b28739E 04 
C129204E 04 
OJ29667E 04 
0130129E 04 
0.30596E 04 
Oi31063E 04 
0131520E 04 
Oi31971E 04 
C132418E 04 
OJ3286lE 04 
C.33302E 04 
Oi33728E 04 

;;;F= 19.89 DEG C 
= 109.1 CM 

S’TAhTCN NO DST 
0.2E012E-02 0.879E-04 
0.30034E-02 0.897E-04 
0.30626E-02 0.901 E-04 
0.28626E-02 o.a85E-04 
0.29117E-02 0.889E-04 
0.27089E-02 0.871E-04 
0.27737E-02 0.875E-04 
0.26571E-02 0.867E-04 
0.26383E-02 0.866 E-04 
0.26265E-02 0.866E-04 
0.26551E-02 0.866E-04 
3.25573E-02 3.858E-04 
0.21024%02 0.837E-04 
0.2392lE-02 0.947E-04 
0.23724E-02 0.94BE-04 
0.2367.7E-02 0.938E-04 
O-237275-C2 0.942E-04 
0.23657E-02 0.94lE-04 
0.23370E-02 0.919E-04 
0.23948%02 0.942E-04 
0.23003F-02 0.90aE-04 
0.2320~9E-02 0.935E-04 
0.22854E-02 0.9 13E-04 
0.23276E-02 0.944504 
0.2322lE-02 0.931E-04 
0.23104E-02 0.969E-04 
0.23006%02 0.886E-04 
0.22979502 0.971E-04 
0.23571E-02 0.922E-04 
0.22998s02 0.942 E-04 
O-2251.5&-02 0.909E-04 
0.2239AE-02 3.905E-04 
0.221255-02 O.?OZE-04 
O.i2035E-02 0.874E-04 
0.218213E-02 0.920E-04 
0.20681F-02 0.95aF-04 

UNCERTAINTY IN F=O.O5154 IN RATIO 

DREEN 
39. 
39. 
39. 
40. 
40. 
41. 
41. 
41. 
42. 
42. 
42. 
43. 
43. 
43. 
43. 
43. 
43. 
43. 
43. 
43. 
43. 
43. 
43. 
43. 
43. 
43. 
43. 
43. 
43. 
43. 
43. 
43. 
43. 
43. 
43. 
43. 

M F t2 THETA DTd 

0.81 0.0065 21.82 0.153 0.024 
0.00 0.0065 32157 0.153 0.024 
0.82 0.0066 22AO9 0.174 0.024 
0.00 3.0066 32155 0.174 0.025 
0.81 0.0066 22.04 0.170 0.024 
0.00 0.0066 32157 0.170 0.024 
0.81 0.0066 22110 0.175 0.024 
0.00 0.0066 32~53 0.175 0.025 
0.81 0.0066 22blO 0.175 0.024 
0.00 0.0066 32.55 0.175 0.025 
0.82 0.0066 22J12 0.176 0.024 



RUN 120574-Z *** DISCRETE HCLE RIG *** NAG-3-14336 ST ANttN NUY BER CATA 

TADB= 19.71 CEG C U INF= 11.57 M/S 
RHO= 1.202 KG/M3 VISC= 0*150CEE-04 HZ/S 
CP= 1010. J/KGK PR= 0.715 

*** 520HSL80 b0.8 TH=l P/C=10 *** 

PLATE X 
1 127.a 
2 132.8 
3 137.9 
4 143.0 
5 148.1 
6 153.2 
7 158.2 
E 163.3 
4 168.4 

10 173.5 
II 178.6 
12 183.6 
13 197.5 
14 190.1 
15 192.7 
16 195.4 

19 
20 
21 
22 

.23 
i4 
25 
26 
27 
28 
25 
30 
31 
32 
33. 
34 
35 
36 

lse.o O.be541E 06 31.44 
200.6 0.70557E 06 j1.40 
i03.2 0.72573E 06 il.36 
235.8 0.74f9QE 06 31.40 
208.5 C.76606E 06 21.36 
211.1 0 . 786i3E 06 21.23 
213.7 0.80639E 06 21.34 
ilk.3 C.82Cb5E 06 21.46 
218.9 0.84691E 06 21.38 
221.6 C.66708E 06 31.26 
224.2 0.86724E .06 30.50 
226.8 3.90740E 06 21.32 
229.4 3.92757E ‘16 21.26 
232 .O O.S4773E 06 31.55 
234.6 -J.S678SE 06 31.57 
237.3 O.¶aa16E 06 21.38 
239.5 C.lOD84E 07 51.32 
242.5 0.10286E 07 31.21 
245.1 0.104t37E 07 21.32 
247.8 0.10689E 07 3 1.11 

FE x TO 
0.144.12E 06 52.e7 
3.18327E 36 Z2.E7 
D.22243E 06 32. E7 
0.26158E i)b 32. E5 
0.30073E 06 32.E3 
0.33~~8~ ot -2. E7 
0. I7904E 06 92. E3 
0.41619E 06 22.&S 
0 . 45734; ot 52. E7 
0.4C650E 06 32.09 
J.E35t5C 06 :2.E7 
0.57480E 06 32.@7 
0. t0456E J6 51.55 
0.62472E 06 11.23 
O.L4468E 06 11.44 
O.Cb515E 06 11.44 

PEENTk STAFTCK hC CST 
0.524656 03 0.2t9SbE-02 0.834E-C4 
C.t312tE 03 0.27465E-02 S.C38E-04 
0.77 105r 03 0.27865E-02 0.842E-04 
Oi13074E 04 0.25702E-02 .3.825E-04 
0 r16425E 04 0.253C4E-02 0.822E-C4 
0419733c Oh. 
i);23046E 0; 

J.23100E-02 D.833E-04 
u-240346-02 O.RlZE-04 

Ci26353E 04 Olii795E-02 0.802E-04 
c1294t1t 04 0.228@5E-02 0.801E-04 
0.32554E 04 0.2iOOQE-02 0.794E-04 
‘:35771E 04 0.22627E-t-2 0.799E-04 
0.38588F 04 0.219985-02 0.755E-04 
C142043E 04 0.2C756f-02 3.761E-04 
0144E06E 04 O.i17i4E-02 0. E60E-04 
Oi45321E 04 0.21326E-02 0.85aE-04 
0.45753E 04 0.21500E-02 0.853E-04 
Oi4618SE 04 O.ilbBli-02 O.abZE-04 
C.46627E 04 0.216SlE-02 O.R63E-04 
0.47062E 04 0.21471E-CZ 0. a43 E-04 
0147502E 04 0.22058E-02 0.867E-04 
0.47934E 04 0.2C719E-02 O.@30E-04 
Oi48370E 04 0.22492E-02 3.883F-04 
0.48 909E 04 D.Z0950E-02 0.843E-04 
0 r49237E 04 0.21451E-02 0.870E-04 
C r49670E 04 0.214tlE-02 0.861E-04 
0150105F 04 0.21629E-02 O.a99E-04 
Ci5053bE 04 0.21083E-02 0.811E-04 
0.50963E 04 0.21224?-02 0.894F-04 
0.513SbE 04 0.216eeE-C2 O.a49E-04 
0151833E 04 O.i1602E-02 0. a7aE-04 
Oi52 26i)E 04 0.2C685E-02 0.841 E-04 
045266CE 04 o.ioas4E-02 0. a42 E-04 
0.53102E 04 0.20903E-02 3.843E-04 
G.53517E 04 0.2C230E-02 0.807E-04 
0153926E 04 0.20275E-02 O.eslE-04 
Ci54325E 04 0.15295E-02 0.887E-04 

T INF= 19.65 DEG C 
xwc= 1OS.l CM 

DREEN 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
51. 
51. 
51. 
51. 
51. 
51. 
51. 
51. 
51. 
51. 
51. 
51. 
51. 
51. 
51. 
51. 
51. 
51. 
51. 
51. 
51. 
51. 
51. 

M F T2 THETA 

0.76 0.0062 32128 0.955 0.023 
0.00 0.0062 32.87 0.955 0.023 
0.80 0.0065 31488 0.927 9.023 
0.00 0.0065 32.03 0.927 0.024 
0.81 0.0066 31492 9.928 0.023 
0.00 0.0066 32.83 0.928 0.024 
0.76 0.0061 31~85 0.924 0.023 
0.00 0.0061 32Aa7 0.924 0.023 
0.82 0.0067 31~54 0.898 0.023 
0.00 0.0067 32187 0.898 0.023 
O.e6 0.0069 31.42 0.891 0.023 

DfH 

UR’CER.TAINfY IN REX=1957t. UNCERTAINTY IN F--O.05151 IN RATIO‘.-. 



RUN 120574-l l ** DISCRETE HOLE RIG *** NAS-3-14336 STANTON NUWER DATA 

*** 52OHSL80 Mr0.8 TH=O P/D=10 **I) 

RUN 120574-2 *** OISCRETE HGLE RIG l ** NAS-3-14336 STANTCN NUMBER DATA 

*** 52DHSL80 M=O,E TH*l P/D-10 *** 

LINEAR SLP ERPOSIT,ION IS APPLLED 10 STANTON NUM8ER CATA ‘FRCM 
RUN NUMBERS 120574-L AND 620574-Z TO C8TAIN Sl,bNTON NUNBEF? DATA AT TH=O AND TH=l 

PLPTE REXCOL RE OELZ STlTH=O) REXHOT 

1 
2 
3 

.: 
b 
7 
B 
9 

10 
11 

143512.5 521.7 O.CO2801 144121.1 
182245.5 635.7 O.CO3052 183273.8 
221178.6 
ibOl11.6 
299044.6 
337477.7 
376910.7 
415843.9 
454776.9 
493709.9 
532t42.9 
571575.9 
tOllb5.1 
621215.6 
t41266.1 
661411.7 
691561.6 
701612.1 
721t62.6 
741713.1 
761763.9 
761914.4 
901964.9 
922012.5 
942163.4 
962210.9 
092261.4 
Y02tLl.Y 
922362.7 
942413.2 
Sb24t3.6 
592611.3 

1002759.0 
10229JY.O 
1042861J.O 
1062513.3 

988 .b 

755.7 

1101.5 
1211.6 

973.3 

1320.6 
1427.0 
1533.0 
1t34.7 
1744.7 
1919.9 
leb9.1 
1917.0 
1965.7 
2014.3 
2062.9 
2111.0 
i159.4 
2207.6 
2254.7 
2301.6 
2348.0 
2396.4 
2443 .b 
2493.9 
2537.9 
2595.4 
i633.0 
267S.5 
2725.4 
2770.7 
2915.9 
i960 .b 
2YO4.c) 

3..003000 
0.002800 

0.00?115 

J.CO2957 
O.CO2744 

O.CO2924 

3.CO2720 
0.002729 
O.CO2750 
0.002C4C 
O.CO2358 
O.CO2446 
O.OOi431 
3.002421 
0.002423 
9.002414 
0.002383 
O.CC2440 
O.GO2356 
0.002339 
O.CO2332 
0.002372 
0.002365 
0.002346 
J.002349 
0.002341 
O.CO2403 
O.C0;?34 
3.002296 
O.CO2277 
3.002242 
J.002249 
0.002221 
1. co21c2 

222426.5 
261579.3 
300731.9 
335894.6 
379037.4 
419190.1 
457342.8 
496495.5 
535649.2 
5740co.9 
604557.1 
624720.7 
644994.3 
665145.6 
695407.2 
705570.9 
725734.4 
745999.1 
7ttC62.0 
796225.6 
ECb389.3 
E26650.5 
946912.1 
967075.9 
997239.4 
007403.0 
927566.9 
547730.0 
467994.2 
599155.4 

1009417.0 
1029589.0 
1048744.0 
LO69907.0 

RE OEL2 ST(TH=L) ETA STCR 

524.6 0.002700 UUUUU 1 .I 56 
631.0 0.032732 0.105 1.020 
981.0 0.002771 0.110 1.082 

1327.5 0.002548 0.129 1.049 
1680.5 0.002493 Oa169 1.107 

F-C OL STHR 

o.oood 
0.0065 
0.0065 
0.0066 
0.0066 
0. OObb 
O.OObb 
0.0066 
0.0066 
0.0066 
O.DOt6 
0. OObb 

1.114 
8.914 

F.-HOT LOGB 

0.3000 1.114 
0.0062 1.750 

0.964 O.OOb2 1.834 
0.015 0.3065 1.842 
0.921 0.0065 1.871 

2029.' 0.002272 0:199 1.059 
2376.5 0.032369 0.171 1.104 
2724.4 0.002242 01193 1.091 

0.960 0.0066 1.931 
0.916 0. OObb 1.915 
0.995 O.DO61 1.835 

0.0061 1.873 
0.3067 1.929 
O.OOb7 1.987 
0.0069 2.021 

3052.0 0.002253 Oil72 1.091 
3377.7 0.002149 oi212 1.113 
3724.0 0.032207 0.197 1.139 

0.905 
0.979 
0.915 

12 
13 

4070.3 0.002147 0.1913 1.111 
4404.1 0.002042 0.134 1.001 

0.903 
0.968 

IA 14 4717.4 0.002140 OA125 1.045 O.YL5 
cn 
0 15 

lb 
17 
19 
19 
20 
il 
22 
23 
24 
25 
26 
27 
29 

4760.2 0.002097 0.137 1.045 0.903 
48'32.7 0.302119 01125 1.047 0.917 
4945.7 0.002139 0.119 1.054 0.931 
4899.5 0.012140 ‘Jr113 1.356 0.939 
4931.5 0.002119 OIL11 1.049 0.934 

0.967 
0.909 
1.012 

4975.3 0.012183 0;lJb 1.093 
5017.5 0.002039 01135 1.049 
5061.1 0.00223s oio43 1.046 
ElC4.5 G.002067 01114 1.049 
514b.E 0.002LlE 0.107 1.072 
5199.t 0.002120 0.154 1.074 
5232.t 0.002141 0.097 1.070 
5275.2 3.O.J2090 3.114 L.;J76 
53Li.3 0.002097 Or104 1.077 
5360.1 O.JJ2141 5i139 1.111 
5403.3 0.002140 0.033 l.OA4 
5445.5 0.002il4i O.LlL 1.071 

G.Y30 
O.Y59 
O.Y63 
0.979 
0.554 
0.965 
0.991 
0.994 
0.953 
0.56Y 

29 
30 
21 
32 C4f7.C C.002067 Oi'J92 l.i)bt 
33 
34 

5528.9 0.002072 0.076 1.054 0.975 
5569.8 0.051996 0.112 1.0t1 0.94.3 

35 
36 

5610.2 0.002005 0.097 1.052 0.951 
5649.7 J.,JULYOY 3.392 1 . .J 1 1 O.SOQ 

STANTON NUMBCR RATIO BASCC ON ST*PR**O.4=3.029’5*WEX*~*(-.2) 

STbNfON YlJvlBER KtT ID FCR Tti=l IS CCVVER’EO TO COPPARABLF TFANSPIRLTIUN J6L.J: 
CSING ALCC(1 + 91/P EXPKEYSICh Ih THE BlUwN SECTION 



Appendix II 
. . 

SPANWISE PROFILE DATA . . 

Contained in this appendix is a numerical tabulation of the spanwise 
profiles, that are discussed in Section 3.4, and plotted in,Figures ji23 
and 3.'24 for velocity, and Figures 3.27 through 3.30 for temperature. 

Note that the same velocity profile points accompany the 8 = 1 .aqd 
e- 0 temperature profiles, See Appendix I for the computer listing 

nomenclature. 
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RUN 092974/100374 SPAhWI SE PROFILE TH=i IL) 

REX = O.lOCOOE 01 REM = b&33. REH = 10259. 

xv0 = 0.00 CP DEL2 = 0.6Lb LF( DEH2 = 0.934 CM 
UINF = 16.71 H/S DELY9= ii.br?g CM UkLT99 = 4.066 CM 
VISC = 0.15323E-04 MZ/S DELL = A.04tr CM ill NF = 16.67 M/S 
PORT = 1 = 1.672 VISC = O.l5175E-04 W2/S 
XLOC = 176.40 Cf! = O.iSOOOE 01 TINF 

TPLATE == 
21.25 DEG C 
36.82 DEG C 

YICH) Y/DEL U(M/S) U/U?NF Y+ u+ YICMI TtOEG C1 TBAR TBAR 

0.025 0.007 4.86 0.291 277 .O O.i9 0.0546 34.98 0.118 0.882 
0.028 0.008 5.00 0.29Y 304.7 0.30 0.0571 34.66 0.139 0.86 1 
0.030 0.008 5.22 0.312 332.4 0.31 0.0597 34.54 0.146 0.854 
0.033 0.009 5.42 0.324 363.2 0.32 0.064ti 34.2d 0.163 0.83 7 
O-O?8 0.010 5.73 0.343 415.6 0.34 0.0724 34.06 0.178 0.822 

0.046 0.013 6.14 0.367 ‘+Yb. 7 0.37 O.Oa25 33.76 0.196 0.804 
0.056. 0.015 6.49 0.388 609.5 0.39 U.OY52 33.49 0.214 0.786 
0.069 0.019 6.80 0.407 746.3 O.YA U.LlO5 33.28 0.228 0.772 
0.064 0.023 7.13 0.427 Yl4.L 0.43 U. 1308 33.02 0.244 0.756 
0.102 0.028 7.40 0.442 lAW.2 0.44 u. ~562 32.80 0.258 0.742 

0.122 0.034 7.63 0.456 1329.8 0.46 0.1667 32.61 0.270 0.730 
0.147 0.041 7.86 0.470 1Odt.l.d 0.47 i).ZLZi! 32.46 0.280 0.720 
0.178 0.049 8.08 C.484 IY3Y.J 0.4b O.L529 32.36 0.285 0.715 
0.213 0.055 8.24 0.493 2j21.1 u.49 0. juO6 32.32 0.289 0.711 
0.254 0.070 8.37 0.501 2773.4 0.50 0.d619 32.35 0.287 0.713 

0.300 0.083 8.45 0.505 3iSS.L 0.51 0.4254 32.27 0.292 0.708 
0.351 0.097 8.47 0.507 d23.A 0.51 U.QtldY 32.30 0.290 0.710 
0.406 0. Il.2 t).4i c.507 4432.6 0.51 U.55LC 32.28 0.291 0.709 
0.467 0.129 8.44 0.505 5097.5 0.5i O.bl59 32.19 0.258 0.702 
0.538 0.148 8.41 0.503 M73.L o.bU Cr.b794 32.15 0.300 0.700 

0.620 0.171 8.36 c. 500 07>Y .8 0.50 0.7429 31.96 0.312 0.688 
0.696 0.192 8.41 0.503 7590.9 0.50 U.t)iJ64 31.91 0.315 0.68 5 
0.772 0.213 8.48 0.508 6422 .O 0.51 ti.tlbY9 31.70 0.329 0.671 
0.848 0.234 8.68 0.519 9253.1 0.5i 0.3334 31.57 0.337 0.66 3 
0.925 0.255 8.87 0.531100~4.2 0.53 1.0604 31.47 0.344 0.656 

1.026 0.283 9.26 0.E541llYL.4 0.55 1.1&74 30.90 0.381 0.619 
1.128 0.311 9.65 0.5781~330.5 0.5a 1.3144 30.26 0.421 0.579 
1.229 0.339 10.08 0.60313408.7 0.60 A.4414 29.67 0.459 0.541 
1.356 0.374 10.52 0.63014793.9 0.63 A.5584 28.89 0.510 0.490 
1’.483 0.405 10.92 0.65316179.1 0.65 1.8224 28.18 0.555 0.445 

1.610 0.444 11.26 
1.737 0.479 11.65 
1.864 0.514 12.07 
2.118 0.584 12.90 
2.312 0.654 13.72 

0.67417564.3 
0.69718943.5 
0.722dO334.7 
0.77223105.1 
0.82125875.5 

0.67 2.0764 26.99 0.632 0.366 
0.70 2.3304 25.90 0.701 0.299 
0.72 2.5&44 24.91 0.765 0.235 
0.77 2.8385 23.94 0.827 0.173 
0.8i 5.0924 23.12 0.880 0.120 

2.626 0.724 14.46 0.6652db45.9 0.87 3.3464 
2.880 Oi794 15.15 0.906J1416.2 0.91 3.6004 
3.134 0.864 15.73 0.44134ldb.6 0.94 5.6544 
3.388 0.934 16.2 1 0.47036957.1 0.97 4.1084 
3.642 1.004 16.50 0.98739727.4 0.4Y 4.3624 

22.49 0.921 
21.93 0.957 
21.60 0.478 

0.079 
0.043 
0.022 
0.008 
0.002 

21.38 0.992 
21.28 0.998 

3.896 1.074 16.65 C.99642497.8 l.UO 4.6164 
4.150 1.144 16.71 1.00045266 .i 1.00 

21.25 1.000 -0.000 
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RUN CS2574/100374 SI’AKWI SE PRIJF ILE Ttl=i 121 

REX = 0:13OOOE 01 REM = b759. KEH = 8861. 

xv0 = G.00 CF DELZ = 0.619 LN UtH2 = 0.806 CM 
UINF = L6.73 P/S DELYkii= 3.627 Lfl 3ELT99 = 3.815 CM 
VISC = O.l531bE-04 HZ/S DEL1 = 0.977 CM UANF = 16.68 H/S .’ 
PORT = 2 ’ H 1.>;19 

‘CF/Z : U.lOi)Odt 01 
VISC = O.l5179E-04 H2/S 

XLGC = 176.40 CM rINF = 21.30 DEG C 
TPLATE = 36.76 DEG C 

Y(CMI Y/DEL 

0. C25 0.007 
O.C28 0.006 
0.030 O.OOd 
0.033 Cl.009 
0.038 0.011 

0.046 0.013 
0.056 0.015 
0.069 0.019 
0. C84 0.023 
0.102 0.02d 

6.9& C.417 494.2 
7.35 c-440 b10.2 
7.72 0.462 748.9 
8.14 0.487 919.3 
8.38 0.501 1109.4 

0.122 0.034 8.64 0.516 1331.3 
0.147 0.041 8.86 0.530 L63tl. 7 
0.178 0.045 9.10 c.544 L54l.b 
0.213 0.059 9.29 0.555 L>,LY.tl 
5.254 O.OIO 9.43 C.564 2773.6 

0.300 0.083 9.52 C.569 jL7L.d 
0.351 0.097 9.59 0.573 3827.6 
0.406 0.112 9.63 2.576 4437-d 
0.467 0.124 9.62 0.575 5103.4 
0.538 0.148 9.45 0.567 >8dO .O 

0.620 0.17t 9.44 0.565 0707.6 
0.696 0.192 9.39 t-562 7595.1 
0.772 0.213 9.41 0.563 84il. 7 
0.648 0.234 9.49 0.567 YL6S.d 
0.425 0.255 9.63 0.5761039S.Y 

1.026 0.283 9.86 C.59011205 .j 
1.128 0.311 10.13 0.60612314.8 
1.229 0.335 10.40 0.6221342k.L 
1.356 0.374 10.68 0.638L48Ll.O 
1.483 0.409 10.98 0.t5616197.d 

1.610 0.444 11.23 0.67217584.0 
1.737 0.479 11.67 0.69718971.4 
1.864 0.514 12.06 0.7212OA58.2 
2.118 0.584 12.92 C.773131d1.8 
2.372 0.654 13.75 0.82215905.4 

2.626 0.724 14.53 0.E6928679.0 
2.880 0.794 15.21 0.91031452.6 
3.134 0.864 15.83 C.94634226.2 
3.388 0.934 16.23 0.97036999. d 
3.642 1.004 16.53 0.S8839773.4 

3.896 1.074 16.66 0 -99642547 .O 
4.150 1.144 16.72 1.00045320.6 
4.404 L-214 16.73 1.000.48094.2 

UfM/SI U/UINF Y+ 

5.56 c.333 L77.4 
5.70 0.341 305.1 
5.95 G-356 J3L.d 
6.18 C-370 360.6 
6.55 C-392 416.0 

lb+ Y(C.Mb T(DEG C1 TBAR TBAR 

0.33 O.tki‘tb 33.81 0.191 
0.34 3.d571 33.57 0.207 
0.36 0.0597 33.36 0.220 
0.37 u.uobti 33.10 0.237 
I) .jY u.0724 32.77 0.258 

0.809 
0.793. 
0.780 
0.763.. 
0.742 

0.42 u.1Jd25 32.45 0.279 0.72 1 
0.4u O.OY5i 32.11 0.301 0.699 
0.46 0.1105 31.80 0.321 0.679 
O.UL ll.13Jd 31.52 0.339 0.661' 
0.50 0.1562 31.26 0.356 0.644 

o.>;L O.Ltrb;l 31.08 0.368 0.632 
0.53 U.ZL22 30.58 0.374 0.626 
0.54 0.2629 30.82 0.385 0.615 
0.36 U.33tlD 30.80 0.386 0.614 
0.56 0.3019 30.80 0.386 0.614 

0.57 O.+25u 
0.57 0.4Bt)Y 
O.Sd a.5524 
0.57 U.bLsY 
0.57 0.07Y4 

30.80 
30.83 
30.85 
39.88 
30.85 

0.386 0.614 
0.384 0.616 
0.382 0.618 
0.380 0.620 
0.382 0.618. 

0.5G 0.7429 30.80 0.386 
lJ.iikl 0.8064 30.70 0.392 
0.56 O.J6YY 30.59 0.399 
0.57 U-Y334 30.51 0.405 
O.Sb i.dbL)', 30.12 0.430 

0.614 
0.608 
0.60 1 
0.595 
0.570 

0.59 l-la74 29.63 0.462 0.538 
O.bL 1.3144 29.04 0.500 0.500 
0.02 1.4414 28.47 0.537 0.463 
cl.04 A.>084 27.93 0.571 0.429 
0.66 1.8224 26.81 0.644 0.356 

0.67 2.07b4 25.83 0.707 
0.7f.i 2.3304 24.87 0.769 
0.72 2.5844 23.96 0.828 
0.77 L.83&5 23.14 0.881 
O.&Z 3.OY24 22.51 0.922 

0.293 
0.231, 
0.172 
0.119 
0.078 

0.67 3.3464 
0.91 3.bOO4 
0.95 ii.&544 
O.Y7 4.106)4 
0.99 4.3b24 

21.98 
21.65 
21.43 
21.33 
21.32 

0.956 0.044 
0.978 0.022 
0.991 0.009 
0. ‘398 0.002 
0.999 0.001 

1.00 4.6164 
1.00 
L.UO 

2,t.30 1.000 -0.000 
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RUk OS2974/100374 SPbNWISt PROFILE TH=i. 43) 

REX = O.lOGGOE 01 REM = bltrl. REH = 8137. 

xv0 = 0.00 cr DEL2 = 0.50> CM DrH2 = 0.740 CM 
UINF = 16.72 M/S DElYL= 3.681 id 0ElT99 = 3.802 CM 
VISC = O.l5300E-04 MZ/S DELA = O.dA4 Ln UANF = 16.69 H/S 
PORT = 3 H L.*4L) 
XLCC = 176.40 CP CF/L 1 O.lOOOOt ul 

VISC = 0*15179E-04 HZ/S 
TINf = 21.30 DEG C 
TPLATE = 36.71 DEG C 

TlDEG C) TBAR’ TBAR vtcn, Y/DEL U/H/S) U/UINF Y+ U+ Y(CHA 

U.3d c).U546 32.98 0.242 0.758 
il.39 3.0571 32.66 0.263 0.737 
0.41) U..diBY 7 32.43 0.278 0.722 
0.o.l il. 3622 32.28 0.287 0.713 
0.42 Li. L)b‘&ti 32.07 0.301 0.699 

U.47 U.UlL-4 31.63 0.329 0.671 
u.30 U.UBL5 31.23 0.356 0.644 
u.5,i 0. u9si 30.87 0.379 0.621 
u.>4 U. LilOti 30.56 0.399 0.601 
0.56 U. Asbe? 30.23 0.420 0.580 

u.>7 u.itibi+ 29.99 0.436 0.564 
0.5kl 3.2222 29.74 0.452 0.548 
0 .bU u.o?.b,iY 29.50 0.463 0.537 
0.61 U.3380 29.23 0.485 0.515 
0.6~ u.361Y 29.15 0.490 0.510 

o.bj 0.4.254 29.05 0.497 0.503 
0.64 U.ud8Y 28.95 0.503 0.497 
0.65 U.>iaLb 28.87 0.508 0.492 
0.63 L).bLS9 28.82 0.512 0.488 
0.66 J.6794 28.74 0.517 0.483 

3.66 iJ.6364 28.58 0.528 0.472 
U.06 u.9j34 28.40 0.539 0.461 
u.07 L.Uo34 28.17 0.554 0.446 
0.07 l.ldI4 27.86 0.574 0.426 
U .bt, 1.3144 27.55 0.594 0.406 

3.09 A.4414 27.17 0.619 0.381 
0.71 i.5084 26.75 0.647 0.353 
0. IL I.trZL4 25.97 0.697 0.303 
0.7~ L.dib4 25.18 0.748 0.252 
o.i5 .i.33uu 24.36 0.801 0.199 

0.77 L.Lid44 
0.81 2 .bjd7 
o.tc5 3.OYZ4 
0.8& 3.3404 
0.92 3.6UO4 

23.d2 0.850 G.15C 
22.94 0.894 0.106 
22.36 0.931 0.065 
21.91 0.960 0.040 
21.62 0.980 0.020 

0.Yz.J 3.dDcr4 
3.97 c.AU84 
O.YY 4.3oL4 
L.UU 
1.ou 

21.43 0.991 0.009 
21.33 0.998 0.002 
21.30 1.000 -o.ooc 

L.OU 

0.025 0.007 6.43 U.384 277.1, 
0.028 0.006 6.46 0.386 jU5.4 
0.030 0.008 6.74 c-404 333.2 
0.033 0.009 6.97 0.417 3bU.Y 
0.038 0.010 7.47 G.447 CA0.b 

0.046 0.012 7.87 
0.056 0.015 8.20 
0.069 O.OLY d.7t.l 
O.C84 5.023 9.02 
O.lGZ 0.028 9.34 

0.471 499.7 
a.495 61J.8 
0.520 749.6 
0.539 Y16.L 
C.558 lALU.5 

0.122 0.033 9.53 
0.147 0.040 9.75 
0.178 0.046 9.99 
0.213 0.058 10.23 
0.254 0.069 LO.41 

c.570 133L.b 
0.583 1010.3 
0.597 1'343.~ 
0.612 2332.1 
0.622 2776.4 

0.300 0.081 10.57 G.t32 ~276.1 
0.351 0.095 10.70 G.640 A31.u 
0.406 0.110 10.85 C.649 4u4L.L 
0.467 0.127 10.94 0.654 5Atkl.5 
0.538 0.146 10.99 0.657 5a65.9 

0.620 0.168 11.08 0.662 0774.3 
0.721 0.196 11.11 0.664 7884.d 
Oi848 0.230 11.17 G.666 YL73.0 
0.963 0.262 11.25 0.67310522.4 
1.102 0.300 11.41 0.68212049.4 

1.229 0.334 11.57 0.69213437.5 
1.356 0.369 11.80 0.70614a25.7 
1.483 0.403 11.95 0.71716213.Y 
1.610 0.438 12.27 0.73417632.1 
1.737 0.472 12.54 C.15Cl8YYO.3 

1.864 0.507 12.84 0.76020378.4 
2.118 0.576 13.47 0.80523154.8 
2.312 0.645 14.16 0.847ei5931.1 
2.626 0.714 14.80 0.88518707.5 
2.880 0.783 15.38 O-92031483.8 

3.134 0.852 15.a7 
3.388 0.921 16.27 
3.642 0.990 16.50 
3.896 1.059 16.67 
4.150 1.128 16.6s 

t ,949 342bil. 2 
0.573.37U36.5 
li.5873Y8LL.Y 
G.Fi97CL58j.L 
0.99845365.6 

4.404 1.197 16.73 1.0004aL41.9 
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RUN 092974/100374 SFPNWI SE PROFILE TH=l L4J 

REX = O.LOOOOE 01 REM = 5769. KEH = 8341. 

xv0 = 0.00 CP OEL2 = 0.5L7 CM OEH2 = 0.758 CM 
UINF = lb.74 H/S DELYY= 3.656 CH uELT99 = 3.894 CM 
VISC = O.l530bE-04 CZ/S DEL1 = 0.736 Ck UINF = 16.71 H/S 
PORT = 4 H = L.390 vise = O.l5178E-04 H2/S 
XLM: = 176.40 Ck CF/2 = 0.1000OE 01 TiNF = 21.28 DEG C 

u+ 

TPLATE = 36.65 DEG C 

Y(CHJ TIDEG CJ TBAR TBAR YtCMJ Y/DEL U(H/SJ U/U INF Y+ 

0.025 0.007 6.54 
0.028 0.0011 6.85 

0.391 L77.9 
0.409 305 .b 
0.426 333.4 
0.451 3d9 .O 
0.478 472.4 

0.39 U. 3546 33.04 0.235 
0.41 0.3571 32.75 0.254 

0.030 0.008 7.13 
0.036 0.010 7.55 
0.043 0.012 8.01 

0.053 0.015 8.40 

0.43 ti.0597 32.54 0.267 
0.45 o.db.?i! 32.38 0.278 
0.46 u. usuil 32.10 0.296 

0.765 
0.746 
0.733 
0.722 
0.704 

0.502 583.2 0.50 0.0724 
0.526 722.4 0.53 O.Oa25 
0.548 bd9.2 0.55 Li.0952 
C-566 10~3.7 0.57 r).llUfi 
0.577 AjO5 -9 0.26 U.ljOtl 

31.79 
0.066 0.018 8.81 
0.081 0.022 9.18 

31.39 
31.01 

0.099 0.027 9.47 
0.119 0.033 9.66 

30.65 
30.38 

0.316 0.684 
0.342 0.658 
0.367 0.633 
0.390 0.610 
0.408 0.592 

0.145 0.040 9.94 0.593 L583.tl 0.59 0.1502 30.13 0.424 0.576 
0.175 0.048 10.13 0.605 1917 .i U.Ol) 0.1667 29.87 0.441 0.559 
0.211 0.058 10.38 C.t20 2306.3 0.62 0.2222 29.62 0.457 0.543 
0.251 0.069 10.61 0.634 L7a0.B 0.63 U.LbL!d 29 -40 0.472 0.52 8 
0.297 0.081 10.83 C.647 3251.0 o.b!i i).3U&b 29 -30 0.479 0.52 1 

0.348 0.095 11.01 0.658 3trOb. 7 
0.404 0.110 11.17 0.667 44le.O 
0.465 0.127 11.27 0.673 5on4.9 
0.536 0.147 11.42 0.682 >tlb,? .9 
0.617 0.169 11.55 C.690 075L.0 

0.66 U.iblY , 
O.bI U.‘rL>‘, 
0.67 U.4dd9 
o-on U.ssL4 
O.b’i U.bi59 

29.05 0.494 0.506 
28 -90 0.504 0.496 
28.81 0.511 0.489 
28.67 0.519 0.48 1 
28.54 0.528 0.472 

0.719 0.197 11.65 
0.846 0.231 11.78 
0.960 0.263 11.89 
1.138 0.311 12.11 
1.354 0.370 12.48 

G.696 7853.5 O.lU 0.679U 28.43 0.535 0.465 
(I.704 425L. & u. 73 U. uOb+ 28.25 0.547 0.453 
0.71010iiU3.2 0.71 iI.* 27.97 0.565 0.435 
0.72j1244tI.L 0. PL L.3b34 27.71 0.582 0.41 a’ 
0.74514BlJ.U 0.75 L.Ld74 27.43 0.600 0.400 

1. bOLI 0.440 12.91 6.771L75db.b 0.77 I.3144 27.15 0.618 0.382 
1.862 0.509 13.41 C.BOlL3dol.Z u.au 1.4414 26.82 0.640 0.36 0 
2.116 0.579 13.97 C.834.23145.9 O.d3 i.jbt)+ 26.49 0.661 0.339 
2.370 0.648 14.45 C.86325924.5 O.Ub 1.62L4 25.79 0.707 0.293 
2.624 0.718 14.99 0. u95Lc17os. 1 0.89 L.J7b+ 25.06 0.754 0.246 

2.878 0.787 15.50 0.9263L’td~ .7 0.93 2.3304 24.34 0.801 0.199 
3.132 0.857 15.95 C .952r4L53 .A 0.92 L .>t)44 23.65 0.846 0.154 
3.386 0.926 16.30 0.5733703d.Q 0.97 L.B363 23.02 0.887 0.113 
3.640 0.996 16.53 0.5873qb17.5 u.99 3.0924 22.49 0.921 0.074 
3.894 1.065 lb.68 0.99642>9b.L 1 .oo a.3464 22.03 0.952 0.046 

4.148 1.135 lb.75 1.00045374. ti l.UU j.bUibS 21.70 0.573 0.027 
>.tii4 21.47 0.988 0.012 
Lt.lUti 21.35 0.996 o.t304 
4.362 21.32 0.998 0.002 
4.bLb 21.28 1.000 -0.000 
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RUK 042974/100374 SPfNYISE PROFILE TH='l l5J 

REX = C. lOOOOE 01 REM = 6654. REH = 9920. 

xv0 = 0.00 cc DEL2 = 0.609 CM OEHZ = 0.902 CM, 
UINF = 16.73 MlS DE L99= 3.6U5 CM OELT99 = 4.072 CM 
VISC = O.l5309E-04 t’Z/S DEL1 = 0.907 CM UINF = 16.69 4/S 
P6RT = 5 H = 1.4YO VISC =- O.l5175E-04 n2/s 
XLLC = 176.40 CM CF/2 = 0.1000uE 01 TiNF = 21.25 OEG C 

Y(CM) Y/DEL UIM/SI U/LINF Y+ 

0.025 0.007 6.95 0.418 L77.5 0.42 o.os4b 
0.028 0.007 7.22 0.431 305.3 0.43 U.US71 
0.030 O.OOd 7.49 C.448 333.U u.45 Id.0597 
0.036 0.009 7.83 0.468 3dti .5 0.47 U.U612 
0.043 0.011 8.13 C.486 471 .d 0.49 U.0673 

0.053 0.014 
il.066 0.017 
0.001 0.021 
0.132 0.027 
cJ.122 0.032 

0.147 0.039 
0.178 0.047 

8.30 0.496 58Z.tl U.5U 0.0749 33.82 0.181 0.819 
8.44 0.504 721.5 0.3U U.i)B>1 33.93 0.173 0.827 
8.49 0.50b ti8ti.l 0.51 O.UY7t, 34.08 0.164 0.836 
8.44 c-505 1110.1 0.5Ll u.1133 34.32 0.148 0.852 
8.47 0.506 1332.1 0.51 0.1333 34.58 0.131 0.869 

8.60 c.514 1bOY .6 0.31 0.1507 34.77 
d.6t! c.519 LV42.0 U.3L U. LYbtl 34.92 
a.93 0.534 2331-i 0.511 0.2476 34.89 
8.99 0.537 2719.7 0.24 O.Lrti+ 34.54 
9.24 0.552 3163.7 0.55 U. 3492 34.01 

0.213 0.056 
0.249 0.065 
3.290 0.076 0.168 0.832 

0.335 0.088 9.43 C. 5C4 3663.2 0.36 0.4000 
0.366 0.101 9.61 0.575 421ti .j 0.57 3.4309 
0.442 0.116 9.81 C-586 4&iZu.‘i U.SY 0.30 lb 
0.503 0.132 lC.OC G.598 5494.6 U.6U 0. >5L4 
0.579 0.152 10.27 0.614 6327.4 0.6~ J.6032 

33.44 
32.79 
32.11 
31.61 
31.27 

0.205 0.795 
0.248 0.752 
0.292 0.708 
0.325 0.675 
0.347 0.653 

0.681 0.179 10.47 O-t26 7437.5 0.63 0.6540 30.68 0.385 0.615 
0.8Cb 0.212 10.65 0.639 8a25.U 0.64 0.1040 30 -32 0.409 0.591 
0.960 0.252 10.92 C. 653 Lu4QU. 2 U.65 3.7556 30.08 0.425 0.575 
1.138 0.299 11.18 C.668.1;43~ .fl 0.67 O.dOb,4 29.77 0.445 0.555 
1.354 0.356 11.54 C.6YOL47Yl. I O.bY u.nS72 29.57 0.457 0.543 

1.6C8 0.423 12.08 G.72217556.a 0.72 U.YUUU 29 -36 
1.862 0.489 12.64 0.75620~4i.d 0.70 O.YSdO 29.23 
2.116 0.556 13.25 0.792L3117.2 u.79 1.3UYb 29.04 
2.370 0.623 13.81 C.02623trY2.4 o.a3 A.0034 2d.92 
2.624 0.690 14.40 C.6tlZa661.ii C).db 1.123~ 28.77 

2.E70 0.756 14.95 C.8963144L. I o.ru 1.1at4 28.58 
3.132 0.823 15.53 0.9283+217.9 O.Y3 1.3144 28.27 
3.386 0.890 15.97 c.$fi!i36993.1 U.95 1.44L4 27.87 
3.640 0.957 16.3t 0.57839768.2 U.Yb A.>584 27.46 
3;a94 1.023 16.58 0.99142543.4 O.YY 1. d224 26.60 

0.471 
0.430 
0.493 
0.500 
0.510 

0.522 

0.529 
0.520 
0.507 
0.500 
0.490 

0.543 
0.568 
0.595 
0.652 

0.478 
0.457 
0.432 
0.405 
0.340 

4.148 1.090 16.64 C.9954531tJ.6 
4.402 1.157 16.71 0.S954t1093 .d 
4.t56 1.224 16.73 l.CCC5Utib8.Y 

0.99 2.U764 
l .UU 2.3304 
1.00 L.5844 

z.ti3tl 
3.092 

25.76 
24.98 
24.24 

0.706 0.294 
0.757 0.243 
0.805 0.195 
0.851 0.149 
0.894 0.106 

u+ ktiZMJ T(DEG CI TBAR T84 R 

34.10 
33.97 
33.87 

0.163 
0.171 
0.177 

33.84 0.179 
33.76 0.185 

0.837 
0.829 
0.823 
0.821 
0.815 

0.118 
0.109 
0.111 
0.133 

0.882 
0.89 1 
0.889 
0.867 

23.53 
22.87 

A.346 22.29 0.932 0.068 
A.600 21.86 0.960 0.040 
3. tt>4 21.57 0.980 0.020 
4. LUU 21.38 0.991 0.005 
4.362 21.30 0.997 0.003 

4.blo 21.25 1.000 - 0.000 

TPLATE = 36.59 DEG C 
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RUN Cl’i2974/100374 SPPhWI SE YROFILE TH=l 1bJ 

REX = o.iooooE 01 REM = 6e114. REH = 9642. 

xv0 = 0.00 clv DEL2 = 0.625 CM DEH2 = 0.878 CM 
UINF = 16.70 H/S OEL93= 3.LL66 cn DELT99 = 4.034 CM 
VlSC = 0;15314E-04 M2/S DELL = ,1.2Lb CM UINF = 16.67 Id/S 
PORT = 6 Ii I.547 

CF/L f O.AOOOOt 01 
vi SC -1 O.L5184E-04 H2/S 

XLGC = 176.40 CM TINF = 21.35 DEG C 
TPLATE = 36.55 DEG C 

YL ct4, Y/DEL 

O.C25 0.007 
O.G84 0.022 
0.147 0.038 
0.173 0.045 
0.198 0.051 

0.211 0.055 
0.224 0.056 
0.236 0.061 
0.249 0.064 
0.262 0.068 

0.274 0.071 
0.287 0.074 
0.300 0.075 
O.?I2 3.081 
0.325 c. 084 

5.20 C.311 ZrYi.1 0.31 u. 1943 
5.9 1 0.354 3130.7 0.35 d.LL97 
6.48 C.38E 3ZbY.L 0.3Y 0.2451 
6.Y8 0.410 34Ul.7 u.42 U.L71)5 
7.45 c .44t 33YO .c ci.4!3 0. LY5Y 

r(OEG Cl TEAR 

35.80 0.049 
35.67 0.058 
35.67 0.058 
35.72 0.055 
35.77 0.052 

35.78 0.051 
35.83 0.047 
35.87 0.045 
35.93 0.041 
35.99 0.037 

36.12 0.028 
36.30 0.017 
36.46 0.006 
36.58 -0.co2 
36.67 -0.008 

0.972 
0.983 
0.994 
1.002 
1.008 

il.338 0.007 7.85 C.470 jbo4.7 u.47 Li.3461 36.76 -0.014 1.014 
0.350 c.093 (1.30 c.497 3YUb.4 o.ju J.dYT5 36.68 -0.008 l.OOtl 
0.389 0.101 8.70 0.521 4L3rr.B 0.52 c).++ti3 36.47 0.006 0.994 
0.429 0.111 9.J2 0.540 4bbL .i 0.54 ir.4YYl 36 -08 0.031 0.969 
0.4ao 0.124 9.2 1 0.551 >L3&.2 0.55 0.549Y 35.58 0.064 0.936 

0.541 0.140 9.31 0.557 bYO1.1 0.50 0.0007 
0.617 0. Lb C 9.33 C.558 413L.3 O.>b O.a>l> 
3.643 0.179 9.33 0.558 7263.4 U.>b u. 1523 
0.77C 0.199 9.33 c-559 d394.6 3.50 u. I53L 
0.846 0.219 9.40 0.563 YLi3.7 O.>b U.dU3Q 

34.87 0.111 
34.12 0.160 
33.36 0.210 

0.889 
0.840 
0.790 

32.68 0.255 0.745 
32.12 0.292 0.708 

0.922 0.23@ 4.40 C.5GnLJU~b.9 0.27 O.d>47 31.58 0.327 0.673 
L.024 0.265 9.62 C.57bklLb>. I u.5n J.YU55 31.08 0.360 0.64 C 
1.100 0.284 9.71 C.5ci1114Yti.L U.36 U.Y303 30.77 0.381 0.619 
1.116 0.304 9.87 0.5911LOL7.4 u.59 L.U371 30.46 0.401 0.599 
1.278 0.330 10.02 G.bOOi~r~s .o 3.60 l .c)37Y 30.20 0.418 0.582 

L.405 0.363 
1.557 0.403 
1.709 0.442 

LO.25 0.61615aLU.o 0.62 L.lUtr7 30.02 0.430 0.570 
10.66 0.63bloraj.L L).b4 1. AbY 29.81 0.444 0.556 
11.08 C.bb3ia645.4 0.60 L.Ld5l 29.60 0.458 0.542 
11.61 0.6952clahl .a 0.70 L.3L19 29.37 0.473 0.52 7 
12.30 0.73713325.2 5.74 L.4369 29.02 0.495 0.505 

1.913 cl.495 
2.141 0.554 

2.395 0.620 13.06 3.78220125.7 U.ld 1.5b59 20.50 0.524 
2.649 0.685 13.8C C.0262aB9b.L 3.d3 A.DYLY 28.14 0.553 
2.903 0.75 1 14.5 1 C.Ub931Lbbb. ;I i).n7 1.6L99 27.63 0.587 
3.157 0.817 15.1& 0.90934457.2 u.91 L.J73Y 2b.bb 0.650 
3.411 O.B&Z 15.76 0.S44a7LO7.6 0.94 L.>L7Y 25.71 0.713 

3.L.65 0.946 16.2 1 0.571~Y97U.1 
3.919 1.014 lb.51 o.S&d4,?~~4b.6 
4.173 1.079 lb.67 0.598455LY.l 
4.421 1.145 16.71 l .COO‘tuLYY.6 

0.97 L.5619 24.85 0.770 0.230 
0.99 i.dJ59 24.05 0.823 0.17? 
1 .ou j .UOY9 23.29 0. a73 0.127 
1.00 A.J’t3Y 22.63 0.516 0.004 

d.jUb 22.08 0.552 C.J48 

U(M/S) U/UINF Y+ U+ Y(CMJ 

0.00 0.000 277.0 o.uo 3.0>46 
o.oc c.000 ‘114.3 0.00 3.3s73 
0.00 c.000 loU0.9 ri.UO u. UtJOO 
o.oc c.000 ldd3.Y 0.00 U.dJ27 
o.oc c.030 LlOl .o U.UtJ 3.1354 

0.00 LOO0 LilY4.5 0.00 U.Lltil 
1.7c C.101 ir3d.c) U.lU J. LSOtl 
2.82 0.169 ~376.6 O.i7 lI.l4d> 
3.65 c.221 27lD.l U.Li O.l>bL 
4.55 C .273 2aSlr .b 3.27 J.Lbd5’ 

TBAR 

0.951 
0.942 
0.942 
0.945 
0.948 

0.949 
0.953 
0.955 
0.959 
0.963 

C.476 
0.44 7 
0.413 
0.350 
0.287 

j.022 21.70 0. s77 0.023 
4. LiJb 21.45 0.593 0.007 
4.;)ou 21.35 1.000 -0.c3c 
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RUN 092974/100374 SPAkWI S E  PKOF 1 LE TH=l (7) 
_ 

REX = O.lOOOOE 01 REH = 7 134. REH =. 10138. 

xv0 = .o.oo C M  DELL = 0.699 C M  OEH2 = 0.917 C M  
UJNF = 16.77 P/S OEL99= 3.Y5B Ck DkLT99 = 4iO89 C M  
vxsc .= O.L5158E-04 H2/S DELL = 1.136 C M  UANF = 16.78 HIS. 
PORT = 7 H l.bis 

CF/Z == O.lOOOOE 01 
YlSC = O.l5171E-04 M2/S 

_‘. XLCJC = 116.40 CC TINF = 21.20 DEG C 

Y(CM) Y/DEL U(M/S) U/LINF Y+ 

TPLATE =. i6.74 dEG C 

u+ Y(CMJ TIDEG CI TBAR ‘T8AR 

a; 025 0.006 
6.028 0.047 
0.030 0.008 
0.036 0.009 
0.043 0.011 

6.32 C-377 281.3 O.>,o U.U546 34.13 
6.32 c.377 309.1 0.36 0. us71 34.07 
6.35 0.379 3dl.L 0.36 u.u597 34.00 
6.78 0.405 393.3 U.4U U. Llb22 33 -83 
7.26 0.433 417.6 U-43 0. U6 73 33.63 

0.168 
0.172 
0.176 
0.188 
0.200 

0.832 
0.828 
0.824 
0.812 
0.800 

0.053 0.013 7.53 c.449 5YO.O 0.43 o.dbYt( 
0.066 0.017 7.64 0.455 730.5 3.46 u.3175 
0.081 0.021 7.55 c-450 chYY.1 3.4> J. 367tJ 
O.iO2 0.026 7.43 c-443 1123.t) 0.44 u. 11)os 
0.122 0.031 7.36 0.439 Id4ti.6 a.44 U.1156 

33.57 0.204 
33.50 0.209 
33.49 0.210 
33.63 0.200 
33.81 0.189 

0.796 
0.791 
0.790 
0.800 
O.t)ll 

0.147 0.037 7.30 0.440 lb29.6 II.44 U.1359 34.04 0.174 0.826 
0.178 0.045 7.56 0.451 1Ybo .7 0.45 ii.1013 34.26 0.160 0.840 
d. 2 13 0.054 7.91 0.472 2jbo.o 0.47 *. lJY4 34.62 0.137 0.863 
0.249 0.063 8.30 0.495 2753.4 0.5lJ 0.2502 34.78 0.127 0.873 
0.290 0.073 8.63 c-515 3LOL.Y 0.51 c).jO13 34.86 0.122 0.878 

0.335 0.085 8.9 1 0.531 3708.6 0.53 u. 5511 34.61 0.137 0.863 
0.386 0.098 9.04 0.539 42 70.0 0.54 U.40Zb 34.30 0.157 0.843 
0.442 0.112 9.12 0.544 4866.7 0.54 0.4334 33.85 0.186 0.814 
0.503 0.127 9.16 0.546 tiiib3.0 u-55 L).>L)42 33.41 0.214 0.786 
0.579 0.146 9.15 C. 546 br05.8 0.55 0.5550 32 -94 0.245 0.755 

0.681 0.172 9.22 C.550 7529.7 0.55 J.635tl 32 -39 0.280 0.720 
0.808 0.204 9.36 0.559 8934.5 0.56 U.oibb 31.94 0.309 0.69 1 
0;960 0.243 Yi53 0.56810620;2 0.57 0.7074 31.60 0.331 0.669 
1.138 0.28B 9.71 0.579125a6.Y o.fib 0.7jd2 31.22 0.355 0.645 
1.354 0.342 10.00 0.59614975-l U.bO 0. UJYO 30.90 0.376 0.624 

1.668 0.407 
1.862 0.471 
2.116 0.535 
2.370 0.599 
2.624 0.664 

10.5s 0.631.177a4.6 0.63 U.ci5YU 30.62 0.394 0.606 
11.26 0.672205YC.L 0.67 U.blUb 30.41 0.407 0.593 I 
12.01 0.71623403.8 0.72 3.9b14 30.25 0.418 0.582 
12.83 0.76526213.4 U-77 l.JlZL 30.09 0.42a 0.572 
13.56 0.80929023.0 0.81 L.OoalJ 29.96 0.437 0.563 

2.870 0.720 
3.132 0.792 
3; 386 0.856 

14.28 
14.99 
15.6 1 
16.17 
t6.50 

0.05231t1j2.5 
C.8943464L.l 
0.93137451.7 

3.640 0.920 
3.894 0.985 

0.564‘t0261.3 
0.98443070.9 

0.d5 l.lL05 29.79 0.447 0.553 
O.cbY l.lVi)O 29.66 0.456 0.544 
0.93 1.317u 29.30 0.479 0.521 
0.90 1.4u40 28.98 0.500 0.5oc 
O.YU A.5llD 28.60 0.524 0.476 

4i148 1.049 16.67 C-99443880.4 
4.402 1.113 16.75 C.49S48090.3 
4.656 1.177 16.77 1.000 51u99 .tl 

0.99 1 .dL>O 27.65 0.585 
1.00 Z.r)190 26.70 0.646 
i.JO 2.1)33U 25.73 0.7Ci9 

L.5d7 24.82 0.767 
2.&41 24.02 0.819 

0.415 
0.354 
0.291 
0.233 
0.18 1 

3.UY5 23.21 0.871 0.129 
3.34Y 22.53 0.915 0.085 
a.bL)., 22.01 0.948 0.052 
3. d57 21.62 0.973 0.02 7 
4.111 21.33 0.991 0.009 

4.365 21.23 0.998 0.002 
4.blY 21.20 1.000 0.000 
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RUN 092974/100374 SPAFiWI SE PROFiLE TH=l (8) 

KEX = O.LOOOOE 01 REM = 7051. REH = 9077. 

xv0 = 0.00 CM DEL2 = 0.640 CM OEH2 
3ELT99 1. 

0.023 CM 
UINF = 16.74 P/S DELYY= 3.M90 GM 4.022 ‘CM 
VISC = O.l5195E-04 H2/S DELL = 0.953 cn UINF = 16.73 H/S 
PORT = 8 H 1.4B8 
XLOC i 176.40 CY CF/2 1 O.lOOOL)E 01 

vise = 0.15175E-04 MZ/S 
TINF = 21.25 DEG C : 
TPLATE = 36.76 DEG C 

Y(CM) Y/DEL Ut M/S) U/LINF Y+’ 

0.025 0.007 5.90 Cl.353 27Y.8 
0.028 0.007 5.94 c.355 307.7 
0.033 0.008 6.32 0.370 363.7 
0.041 0.010 6.94 c.415 447.6 
0.051 0.013 7.56 0.451 559.5 

0.063 0.016 
0.079 0.020 
O-OS7 0.025 
0.117 0.030 
0.142 0.036 

0.173 0.044 9.31 C.556 L902.5 0.56 0.1333 
p.208 0.053 9.56 0.571 ZL3C.l 0.57 O.l>t17 
0.249 0.064 9.77 0.584 2741.8 0.5M cl. 1892 
0.295 0.076 9.98 0.596 3245.') 0.60 0.ZL48 
0.345 0.089 10.13 G-605 3dO't.Y 0.61 O.L01)3 

31.02 
30.66 
30.57 
30.25 
30.07 

0.371 0.62s 
0.394 0.606 
0.399 0.60 1 
0.420 0.58C 
0.432 0.568 

0.401 0.103 10.28 G.614 4423.4 0.61 c).3Lli 29.86 0.445 0.555 
0.462 0.119 10.36 C.619 3OYl.s) 0.02 r).3b’t> 29.72 0 .454 0.546 
0.533 0.137 10.45 0.624 3875.2 O.bL rl.'rZclO 29.,56 0.464 0.536 
0.615 0.158 10.50 0.627 b773.5 0.63 U.4YlS 29.46 0.471 0.52s 
0.716 0.184 10.58 O.t32 7tidd.6 u.b3 3.555u 29.41 0.474 0.526 

0.843 0.216 10.63 c.t35 YktI8.4 0.63 J.sA&j 29.33 0.479 
0.558 0.246 10.74 O.fz42LiI547.4 0.04 U. b&.?U 29.23 0.485 
1.135 0.291 10.88 C.65CLZ~0>.6 0.69 3.clUYO 29.09 0.495 
1.351 0.347 ii.20 C.664146bj.9 U.61 V. Y3bU 28.91 0.506 
1.605 0.412 11.66 0.697i76dl .b O.lv L.c)bdO 28.71 0.519 

1.859 0.477 12.16 0.7282U47Y.3 
2.113 0.542 12.75 0.762L3L77.1 
2.367 0.607 13.36 o.7YaLoO74.o 
2.621 0.672 13.9s C.8362bd72.b 
2.875 0.738 14.66. 0.8763Lbtd.L 

u.73 L.lYOU 
U.76 1.31 tu 
U.dlJ A.4*43 
O.&i4 1.97LO 
U.t)& A .&253 

0.91 2.tJ790 
U.Y4 L.333U 
0.97 L.Sri7U 
0.99 2.8410 
l.UO 3.UYSO 

28.47 
28.19 
27.88 
27.53 
26.79 

0.535 0.465 
0.553 0.447 
0.573 0.427 
0.595 0.405 
0.643 0.357 

3.129 0.803 15.23 O.Sl0344br.9 
3.383 0.868 15.79 0.94337LUka.7 
3.637 0.933 16.24 0.97OuU363.4 
3.891 0.998 16.53 O.Sb0428bL.l 
4.145 1.063 16.71 C.S98456zib.B 

26.02 0.692 0.308 
25.18 0.746 0.254 
24.43 0.795 0.205 
23.65 C.845 0.155 
23.04 0.885 0.115' 

4.399 1.129 

u+ Y(CHI 

0.35 o.OLi‘tb 
0.35 O.c)S71 
0.38 U.05Y7 

TIDEG Cl TBPR. 

0.41 U.Ob22 
0.45 0.0648 

33.71 0.197 0.805 
33.66 0.200 0.800 
33..36 0.220 0.78C 
33.08 0.237 0.763 
32.92 0.248 0.752 

7.94 C.474 699.4 0.47 L).Ub73 32.76 0.258 
8.34 0.498 667 .A. 0.50 LI.os49 32.37 0.283 
8.60 0.514 106;i.l 0.51 O.OM51 31.96 0.310 
8.84 0.528 1287.0 0.53 0.0976 31.60 0.333 
9.06 0.541 1566.7 0.54 U.LLjO 31.24 0.356 

16.74 l .CQ04tS456 .o 1.00 3.349u 22.43 0.924 0.076 
3.bOj 21.93 0.956 0.044 
a.651 21.57 0.980 c.02c 
4.111 21.37 0.993 0.001 
4.305 21.28 0.598 0.002 

4.51Y 21.25 1.000 0.000 

-89 

TBAR 

0.742 
0.717 
0.690 
0.667 
0.644 

0.521 
0.515 
0.505 
0.494 
0.481 



RUN 092974/100374 SPANWI Sii PROFILE TH=l (91 

REX = O.lOOOOE 01 REM = 6381. REH = 8617. 

xv0 = Of.00 CM DEL2 = 0.584 CN LItfi2 = 
UINF = 

0.782 CM 
16.78 H/S DEd.9Y = 3.M35 CM DELT99 = 3.969 CM 

VISC = O.l5365E-04 M2/S DEL1 = U-829 C,M UINF = 16.72 M/S 
PORT = 9 Ii 1.4lY VISC = O.l5181E-04 Mi/S 
XLOC = 176.40 CY CF/2 == O.lOOOUt 01 TlNf = 21.32 DEG C 

TPLATE = 36.78 DEG C 

Y(CM) Y/DEL U(M/Sl lJ/LINF Y+ u+ Y(CH) T(DEG Cl TEAR TBAR 

0.025 0.007 6.51 0.388 217.5 0.39 1).034b 33.47 0.214 0.786 
0.028 0.007 6.53 0.389 305.2 0.3Y U.Ub71 33.40 0.219 0.76 1 
0.033 0.009 7.01 0.417 360.7 0.4L 0.0597 33.34 0.223 0.777 
0.041 0.011 7.56 0.450 443.9 0.45 0.0022 33.04 0.242 0.758 
0.051 0.013 8.11 0.483 55q.Y 0.4a; 3.0073 32.56 0.273 0.727 

0.063 0.016 8.60 0.513 693.7 0.51 u-u749 32 -09 0.304 0.696 
0.079 0.020 8.95 0.534 860.1 u.53 U. Vd51 31.60 0.335 0.665 
0.097 0.025 9.25 0.553 1054.4 0.35 U.0976 31.13 0.366 0.634 
0.117 0.030 9.58 0.571 1276.3 0.57 3.1130 30.74 0.391 0.609 
0.142 0.037 9.79 0.583 1553.8 0.56 U. 1333 30.41 0.412 0.580 

0.173 0.045 10.01 0.597 1886.d 0.6U U-1567 30.18 0.427 0.573 
0.208 0.054 10.25 0.611 2275.2 0.01 U.lBYZ 29.89 0.446 0.554 
0.249 0.064 10.43 C-622 2719.2 O.bi 0*224&i 29.79 0.452 0.548 
0.295 0.076 10.62 0.633 3218.6 0.63 O.L654 29.58 0.466 0.534 
0.345 0.090 10.78 a.642 37 73.5 0.04 0.3111 29.48 0.472 0.528 

0.401 0.104 10.95 0 -652 43d4 .O o.b5 U-3645 29.30 0.484 C-516 
0.462 0.120 11.03 a.657 5049.9 o.b6 d.4LUO 29.23 0.488 0.512 
0.533 0.138 11.10 0.661 5820.8 0.66 U.4915 29.12 0.496 0.504 
0.615 0.159 11.21 0.668 6714.7 0.67 0.5550 29.02 0.502 0.498 
0.716 0.18b 11.25 C.670 7624.5 0.67 0.5165 28.94 0.507 0.493 

0.843 
0.958 
1.097 
1.224 
1.351 

0.219 
0.248 
0.284 
0.317 
0.350 

11.37 0.678 Y211 .Y o.oa 0. bU20 28.87 0.512 0.48f 
11.52 0.68610460.4 o.bY 0.7c55 28.76 0.519 0.48 1 
11.67 C.Cz9511466.5 0.70 u.ao53 28.66 0.525 0.475 
11.ai 0.70413373.8 0.7u U.dlL5 28.56 0.532 0.46 8 
11.98 0.714147bl.L U.‘Ii 0. Y3W 28.49 0.536 0.464 

1.478 0.383 12.22 C.7281614b.5 0.73 l.ObJO 28.22 0.554 0.446 
1.605 0.416 12.44 0.741L7535.~ (3.74 l.LYUU 27.89 0.575 0.425 
1.732 0.449 12.67 0.75518J23.1 0.76 1.3171) 27.56 0.596 0.404 
1.859 0.482 12.9t 0.772L031u.5 0.71 1.4440 27.25 0.616 0.384 
2.113 0.548 13.43 0.80023Ut)2 .A U.UU 1.5710 26.89 0.640 a.36c 

2.367 0.613 13.98 C.63325u59.ti u.ti3 l.@LSU 26.15 0.687 0.313 
2.621 0.679 14.51 O.E65LBb3+.4 U.bb 2.U73U 25.41 0.735 0.265 
2.015 a.745 15.08 0.@9831409.1 O.YU L-3330 24.67 0.783 0.217 
3.129 0.811 15.57 0.92834L33.7 U.93 Z.5&70 24.00 0.827 0.173 
3.383 0.8.77 16.03 0.95536Y58.4 O.Y5 L.8410 23.32 0.871 0.129 

3.637 
3.891 
4.145 
4.399 
4.653 

0.942 
1.008 
1.074 
1.140 
1.206 

16.38 C .57639733 .O O.Yti 3.u950 22.71 0.910 0.090 
16.62 c.99042507.7 0.45 j.j4YO 22.23 0.941 0.059 
16.74 0.99745282.3 l.OiJ J.bU3U 21.85 0.966 0.034 
16.78 1.0004&0~7 .U 1.30 d.dk470 21.55 0.985 0.015 
lb.79 1.c0050&~1.7 l.OU 4.1113 21.42 0.994 0.006 

4.363 21.33 0.999 0.001 
4.blY 21.32 1.000 - .o.ooo 
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RUN 092974/100374 SFAhWISt PliOFILE TH=L 1101 

REX = 0.10000F OL REM = 6720. REH = 9158. 

xv0 = 0.00 CM DELL = 0.012 CM DEH2 = 0.832 CM 
UINF - 16.72 M/S DELYC)= 3.631 CM irtLT99 = 3.944 CM. 
VISC = 0.15224E-04 M2/S DEL1 = O.JU& CM UlNF = 16.71 M/S 
PORT = 10 H 1.463 

CF/Z : O.lUOOUt 01 
VISC = O.l5175E-04 W2/S 

XLCC = 176.40 Ct’ TINF 
TPLATE == 

21.25 DEG C 
36.80 DEG C 

Y(CM) Y/DEL U(M/S) U/UINF r+ u+ Y( CM1 TlDEG Cl TBAR TBAR 

6.16 0.366 Z7Y.U 0.37 U.U>4b 34.05 0.177 0.823 
6.3 1 C.377 306.5 U.d)d U.0571 33.97 0.182 0.818 
6.78 c.405 jbit.6 0.41 0.05Y 7 33.74 0.197 0.803, 
7.32 0.438 446.3 0.44 U.JOZL 33.50 0.212 0.788 
7.82 C.46d 551.9 3.4 7 U.LijSl3 33.13 0.236 0.764 

0.025 0.007 
O.GZC1 0.007 
0.033 O.OOY 
0.041 0.01 t 
0.051 0.013 

0.063 0.017 
0.074 0.02 1 
0.047 0.025 
0.117 G.03 c 
0.142 G.037 

8.23 
8.63 
5.0 1 
Y.2C 
4.4s 

0.492 047.4 
C. 516 tab+. u 
0.539 LUOU.1 
c.551) lLd3.i 
0.567 1561.L 

u.45 J. 0743 
0.5L J.JB51 
u.54 U.JY?d 
U.33 U.Ll3lJ 
U.>l u. 1333 

32.74 
32.33 
31.97 
31.60 
31.30 

0.261 0.739 
Ok288 0.712 
0.311 0.689 
0.335 0.665. 
0.353 0.647 

0.173 0.045 9.es 
3.208 0.054 Y.90 
c).zit9 0.065 10.d2 
0.245 0.077 10. A? 
u ,345 U.34J AO.2C 

C.580 lu90.9 
0.592 LLdf.5 
c.599 L73)11 .tl 
O.tC6 ~~5b.d 
C.610 3733 .9 

O.SY L).L5d7 
U.99 cl. AdYL 
UrbU U.ii4tc 
0.61 iJ.Lbb+ 

3.01 d.dLLl 

31.03 0.371 0.629 
30.88 0.381 0.619 
30.77 0.388 0.612 
30.65 0.396 0.604 
JO.59 0.400 0.600 

0.401. Cl.105 Id.23 
0.462 O.l?l Ld.23 
0.533 0.134 10.25 
0.615 0.160 10.25 
0.691 a.iao 10.28 

c.t12 4401.0 
0.612 5677 .l 
G.613 >,o5U.L 
C.CL3 b73U.Y 
o.t15 7>l37.6 

0.61 0.304, 30.59 0.400 0.600 
U.61 U.4LdU 30.57 0.401 0.599 
O.bl u.4913 30.55 0.402 0.598 
3.61 u.5>5u 30.55 0.402 0.598 
O.bA iJ.Old> 30.54 0.403 0.597 

0.767 0.2Gd 
0.643 3.220 
0.419 0.240 
1.021 0.267 
1. C87 0.28b 

10.36 
1il.q 1 
10.4s 
10.7c 
LO.81 

L .c20 b4L4.6 
O.t23 YLt.al.> 
c.t271uu50.+ 
0.64011L14.j 
C.6461Lu51.1 

U.62 u. 6ciLO 30.39 0.412 0.588 
O.bL u.7435 30.39 0.412 0.588 
u.bj U.d09d 30.06 0.433 0.567 
0.64 U.d 725 30.10 0.431 0.569 
O.b:, d.YjbO 29.92 0.443 0.557 

1.224 0.320 
1.351 0.353 
1.478 il.366 
1.605 0.419 
1.732 0.452 

11.1c 
11.38 
11.62 
11.x36 
12.16 

O.hh41i*4>.9 
O.tdlL4d43.id 
0. C95LbL33 .L, 
c.71017o>3.4 
c.72aLdu25.2 

u.or, 1 .obdo 29.49 0.470 0.530 
u.00 I.LY3J 29.02 0.500 0.500 
u.tu 1.317u 28.56 0.530 0.470 
0.71 l.ur40 27.99 0.567 0.433 
u.73 1.5710 27.55 0.595 0.405 

1.E59 0.485 12.52 C. 749iU4L0.U 
2.113 U.552 13.19 C.789~JIdY.o 
2.367 0.618 13.8-1 C.6272>955.L 
2.621 0.684 14.45 C. EE4iu7bu.u 
2.875 0.750 15.01 C.8Y831576.4 

0.95 l.cti50 
U.79 Z.07YO 
u.trs L.SJjU 
i).ur, L.>d70 
C).4U i.6410 

26.56 0.658 0.342 
25.64 0.7L8 0.282 
24.79 0.773 0.227 
24.00 0.823 0.177 
23.24 0.872 0.12 8 

3.129 0.817 15.35 
3.383 o.ue13 16.00 
3.637 0.949 lb.33 
3.8Y 1 1.016 16.56 
3.891 1.016 16.56 

C.SL814?lOd. c) 
0.957.37L:,i .7 
C.S773YY47.3 
0.9904L73b.Y 
0.9504L7dLa.Y 

U.YL 3.J950 
U.Yb 3.3’rYU 
O.YB 3.bO30 
U.99 j.o57r) 
U.9Y +.lilu 

22.61 
22.11 
21.73 
21.47 
21.32 

0.913 0.08 7 
0.945 0.055 
0.969 0.03 1 
0.986 0.014 
0.996 0.004 

4.145 1.082 1b.7c c .ciS9lt5!JLr, .5 1 .oo 4.365U 
4.399 1.148 16.72 1.00040~1b.1 l.UL) 

21.25 1.000 -0.000 
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RUN 092974/ 100374 SPANWISt PROFILE TH=A (LlJ 

REX = 0.10000E 01 REM = 7255. REH = 9490, 

xvc = 0.00 CP DEL2 = CI.659 Ct4 UEH2 = 0.862 CM 
UINF = 16.72 WS OEL49= 3.907 CH UELT99 = 3.987 CM 
VISC = 0.15196E-04 C2/S DEL1 = 1.0% LM UlNF = lb.72 M/S 
PORT = 11 H 1.667 
XLCC = 176.40 CP CF/L 1 O.lOOOOk 01 

VISC = O.l5178E-04 Hz/S 
TINF = 21.28 DEG C 
TPLATE = 36.80 DEG C 

Y( CMJ Y/DEL 

O-C25 0.037 
0.030 0.006 
0.033 0.01l8 
0. C36 0.005 
0.043 0.011 

4.94 0.296 279.4 
4.97 C-297 335.3 
5.14 C.308 363.3 
5.51 0.329 391.2 
5.95 c.35t 475-L 

0.053 0.014 6.34 
0.066 0.017 6.75 
0. Cal 0.021 7.11 
0.099 0.025 7.34 
3.119 0.031 7.59 

0.379 586.8 
C-404 726.6 
0.425 klY4.2 
c-439 lOU9.d 
0.454 1313.4 

0.145 0.037 7.85 
0.175 0.045 8.07 
0.211 0.054 a.22 
0.251 0.064 8.34 
0.297 i-J.076 8.45 

c.470 1592.9 
0.483 lY2d.2 
C-492 2319.4 
0.499 2766.5 
C-506 3ZoY.5 

0.348 0.089 8.44 
0.404 0.103 8.46 
0.465 0.119 8.4C 
0.536 0.137 8.36 
0.617 0.158 8.33 

0.505 3B2b.4 
C-506 4443-L 
0.503 5113-Y 
c-500 btlYb.3 
0.498 6790.6 

0.693 0.177 8.32 
0.770 0.197 8.42 
0.846 0.216 8.56 
0.922 0.23b 8.77 
1.024 0.262 9.11 

C.498 762a.9 
0.504 8407.3 
0.512 9305;6 
C.52510144.3 
0.54511261.7 

1.125 0.286 9.56 c.57212379.3 
1.227 0.314 9.92 0.593134Y7.3 
1.354 0.346 10.31 0.617.14d34.6 
1.481 0.379 10.69 C.C3916L91.ti 
1.608 0.411 11.03 G.t5917bt19 .U 

1.735 0.444 11.39 
1. &62 0.477 12.04 
2.116 0.542 12.56 
2.370 0.607 13.34 
2.624 0.672 14.11 

c.tali9080.3 
C.7202iJ463.5 
0.7512.si7d.O 
0.798Lb072.5 
C..!344Lddo7.0 

2.878 0.737 14.78 
3.132 0.802 15.4c 
3.386 0.867 15.87 
3.640 0.932 16.26 
3.a94 0.997 16.51 

0.884316bl .‘e 
0.9213e45S.Y 
c.5493725u.4 
0.9734UJ4u.9 
C.5874Lu3Y.4 

4.140 1.062 16.65 C.5964h33.ti 
4.402 1.127 16.72 1.0004842d.3 

U(M/Sl U/liINF r+ u+ Y(CM1 T(DEG Cl T8AR TBAR 

0.30 O.oLj4b 35.21 0.103 0.897 
0.30 o.os71 35.17 0.105 0.895 
0.31 0.05Y7 35.16 0.106 0.894 
0.33 d. ob22 35.12 0.108 0.892 
0.36 U.Oo4d 34.98 0.117 0.883 

0.3& 0.0073 34.82 0.128 0.872 
0.+0 O.c)lZ’, 34.56 0.145 0.855 
0.43 o.oaoo 34.28 0.162 0.838 
0.44 O.OYOZ 33.99 0.181 0.819 
3.45 U.LU2Y 33.73 0.198 0.802 

0.47 U.1181 33.47 0.215 0.785 
0.4& O.A384 33.19 0.232 0.768 
0.49 O.lbJB 32.98 0.246 0.754 
0.50 O.LY43 32.77 0.260 0.740 
0.51 O.LL9Y 32.67 0.266 0.734 

0.91 U.Z7r)5 32.54 0.274 0.726 
0.5.1 U.JlbL 32.53 0.275 0.725 
0.5b 0.3696 32.49 0.278 0.722 
0.50 U.Uj31 32.48 0.279 0.721 
0.50 0.43bb 32.48 0.279 0.721 

0.50 0.5631 32.51 0.276 0.724 
0.50 lJ.6Ld6 32.41 0.283 0.717 
0.51 0.6671 32.33 0.288 0.712 
0.52 0.7ii36 32.30 0.290 0.710 
0.>5 O.Bl.41 32.17 0.298 0.702 

0.57 0.8776 32.04 0.307 0.693 
0.59 O.Y4il 31.76 0.325 0.675 
0.02 l.Obtll 31.26 0.357 0.643 
0.64 1.1951 30.64 0.397 0.603 
0.66 1.3221 29.92 0.444 0.556 

O.bt) 1.44Yl 29.20 0.490 0.510 
0.72 i.97bl 28.55 0.532 0.468 
0.7> l-d301 27.27 0.614 0.386 
O.tliJ L-0841 26.19 0.684 0.316 
O-c)4 2.3Aai 25.19 0.749 0.251 

O.t)b L.25Ll 24.26 0.808 0.192 
0.5'2 L.ti)ubl 23.47 0.859 0.141 
0.95 s. 13OA 22.74 0.906 0.094 
0.3? 3.3541 22.25 0.938 0.062 
0.Y4 >.6Udl 21.78 0.968 0.032 

1.00 a.d5Ll 21.53 0.984 0.016 
l.UO 4.1161 21.38 0.994 0.006 

4.37i) 21.30 0.999 0.001 
4.024 21.28 1.000 0.000 
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SPANkISE PVEkcnGf OF Al 2 SCAl’i3Nh 

Y(CM) 

0.055 
0.057 
0,060 
o.ot5 
0.072 
0.083 
0.095 
0.110 
0.131 
0.156 
0.187 
0.222 
0.2t3 
0.30s 
0.362 
0.425 
0.489 
0.552 
0.6 16 
0.6 7s 
0.743 
0.806 
o.a7c 
0.933 
1.060 
1.187 
1.314 
1.441 
1.568 
1.822 
2.07t 
2.330 
2.564 
2.838 
3.092 
3.346 
3.600 
3.854 
4.ice 
4.362 
4.616 

UtWSJ ti/UlNi 

6.77 0.4uu 
6.ii;r 0.4UO 
6.64 0.412 
7.UL 0.4lY 
7.. Lb O.-eLd 
7.33 I). 438 
7.4tl 3.4u7 
7.61 0.45s 
7-77 0.464 
7.94 ii.474 
a..12 U.lri5 
a.30 O.SOd 
9.07 0.342 
9.51 3.504; 
9*tiiL 3.567 
9.99 0.597 

10.07 r).bOL 
10.12 0.602 
10.15 0.637 
10. Lb d.odd 
10.22 0.611 
iO.Ztl 0.614 
LO.33 U.bLO 
10.43 3. b2j 
lo-b> 3.e>,s 
io.ab 3.049 
ii.LJ 3. bbj 
il.35 0.079 
Ll.br? 0.694 
12.24 3.131 
iL.riJ 0.171 
13.27 d.MlA 
14.id 3. Cl%J 
14.60 u. b&t) 
15.uA 0.9Ll 
15.YL 0.Y5.L 
16.M J.YI4 
16.25 0.9MY 
16.60 O.YYi 
16. Y3 1.000 
16.73 1.000 

T(iJ TBAR TEAR 

34.04 0.174 0.826 
33rYO 0.183 0.817 
33. r3 0.194 0.806 
33.42 0.214 0.786 
53. LL 0.234 0.766 
~~.a2 0.253 0.747 
dL.57 0.269 0.731 
32.36 0.283 0.717 
3L.19 0.293 0.707 
32.03 0.304 0.696 
il.93 0.310 0.690 
3L.84 0.316 5.684 
31.74 0.322 0.67d 
al.66 0.328 0.672 
AL. 74 0.336 0.664 
3L.3d 0.346 0.654 
Ji. 1Y 0.358 0.642 
dI.Ui) 0.371 0.629 
jr). 16 0.386 0.614 
ju.49 0.404 0.5Yb 
AU.27 0.418 0.582 
3u.03 0.434 0.566 
LY. 63 0.446 0.554 
29.64 0.459 0.541 
L9.L I 0.482 0.518 
Lo-d9 0.507 0.493 
Ld. 30 0.533 0.467 
LJ. 07 0.560 0.440 
Li.60 0.588 0.412 
LO. 76 0.646 0.354 
Lzi.Md 0.703 0.297 
Lb. 01 0.759 0.241 
24.21 0.811 0.189 
L3.45 0.860 0.140 
Li.dO 0.902 0.098 
cL.L5 0.937 0.063 
Ll.63 0.965 0.035 
LL.33 0.984 0.016 
21.37 0.994 0.006 
21.3u 0.999 0.001 
LL.26 1.000 0.000 

AVG bIhF = 16;73 M/S ALC vix, = U.L>27aE-U4 N/S 
AVG REM = 6792. AVG REH = 9200. AWL; II= 1.548 
AVG TC = 36.72 DEG C 
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RUN 092974/100274 SFbNWISE PROFILE TH=L) LlJ ’ 1. 

REX = O.iOOOOE 01 REM = 6U33. REH = / 3898. , 

xv0 = 0.00 CP DEL2 = O.bZO cn D&H2 = 0.356 ci; 
UINF = 16.71 H/S DEL99= 3.629 iH DkLT99 = ‘. ,. 3.768 dM.. 
VISC = O.l5323E-04 PZ/S DE11 = 1.04U CM UINF = 16.70 JVS 
PORf = 
XLOC = ‘176.4: CM 

= 
:F/L 

1.072 VISC = O.i5253E-04 H2.IS 
= O.iOOOOE 01 TlNF = 22.14 DEG C 

Y ( CM.1 Y/DEL 

TPLATE = 36.17 DEG C 

0.025 0.007 4.86 0.291 277.0 U.LY o.u!Ji(o 31.79 0.312 0.688 
0.026 0.008 5.00 0.299 304.7 0.30 U.dS71 31.60 0.326 0.674 
0.030 O.OOd 5.22 C-312 332.4 0.31 U.05Y7 31.21 0.354 0.646 
0.033 o.009 5.42 0.324 303.L 0.3L 0. U648 30.65 0.393 0.607 
0.038 C.010 5.73 C.343 415-b 0.34 ii.Ol24 30.04 0.437 0.563 

0.046 0.013 6.14 0.367 498.7 0.37 L).i)blS 29.35 0.406 0.514 
O.G56 0.015 6.45 c-308 b#i .5 0.3Y 0.0952 28.81 0.524 0.476 
O.G69 0.015 6.8C c-407 746.3 0.41 J. 1103 28.28 0.563 0.437 
O.Ctl4 0.023 7.13 C-427 Yl+.L 0.43 0.13Ud 27.87 0.592 0.408 
0.102 0.028 7.4c C-442 Ll0b.L 3.44 0.L562 27.46 0.621 0.379 

0.122 0.034 7.63 C-456 LjZr.ri 0.40 3.loo7 27.08. 0.648 0.352 
0.147 lJ.Q41 7.86 c-470 lbC)o. b 0.47 lJ.LZZZ 26.82 0.666 0.334 
0.178 c-044 b.08 0.484 14j9.3 0.48 J.zbLid 26.56 0.684 0.315 
0.213 0.059 6.24 c.493 Lj,i/.l 0.4% J.5380 26.35 0.700 0.300 
0.254 0.0'10 8.37 G-501 L77iJ.4 0.3U U.>bLs 26.20 0.711 0.20s 

0.330 0.083 d.45 C.505 2269.1 0.31 U.4LL24 
0.351 0.397 a.47 0.507 3UZ3.1 U.>L 3.4OUY 
0.406 0.112 e.47 0.507 44JL.b 0.31 u.s224 
0.467 0.12Y 8.44 0.~05 Si)Y7.:, 0.3l 3.bLhY 
0.538 0.148 a.*1 c-503 5dfb.L u.5u d.O,IYlr 

26.02 0.723 0,277 
25.91 0.732 0.268 
25.82, 0.737 '0.263 
25.71 0.745 0.255 
25.61 0.752 0.240 

0.620 0.171 8.36 C.3.fO k754.d 0.3u u. d304 25.45 0.764 0.236 
0.696 0.192 a.41 c-503 159J.Y U.3lJ L.UJO4 25.13 0.787 0.213 
0.772 0.213 E.4E C.508 U42L.O 0.51 L.ldl4 24.98 0.797 0.203 
0.846 0.234 8.68 0.519 YL53.A 3.5, l.di44 24.85 0.807 0.193 
0.425 0.255 8.3 7 C.'3113ddU.L 0.35 A.4414 24.73 0.815 0.185 

L.C.26 0.2ti3 9.26 0.554111LL.4 il.33 1.3Ud4 24.61 0.824 0.176 
1.128 0.311 9.65 C.578L2305.b 0.30 l.tiZL4 24.35 0.843 0.157 
1.224 0.33s 10.08 0.6031~rJ~.7 i).ou L.Jlb4 24.06 0.863 0.137 
1.356 0.374 10.52 C.63CL4ivj.Y 0.63 L.Jjilr, 23.73 0.887 0.113 
1.4d3 3.4OY LO.92 3.t531u17r.1 U.65 2. ,344 23.44 0.907 0.093 

1.610 0.444 11.2t C.67411>0*.~ O.& 7 L.U365 
1.737 0.479 LL.65 C.OS7AdQ4r.> ri.iU 3.JYL4 
1.864 0.514 12.0? C.722~333t.7 U.7L 3.3+6r, 
2.118 0.584 11.5c C.772Lal35.1 v.71 3.OJU4 
2.372 0.654 13.72 O.R2ii5ol;.5 U.dL d.Oi44 

t-t26 0.724 
2.880 0.794 
3.134 13.864 
3.368 0.434 
3. t42 1.004 

3.856 1.074 
4.150 1.144 

14.4t 
15.15 
lS.73 
16.2 1 
lo.SC 

ltJ.b5 
lb.71 

U.U? 4.1304 
O.YL 4.3OL4 
D.Y4 
J.51 

O.YY 

l.UU 
l.UO 

23.11 0.931 0.069 
22.82 0.951 0.049 
22.59 0.560 0.032 
22.37 0.983 0.017 
22.24 0.493 0.007 

22.17 0.998 0.002 
22.14 1.000 -0.000 

C .9964i’rYi .o 
1.0004>26~.L 

U(M/S) U/UINF Y+ u+ V(CMJ T(DEG C) TBAR TBAR 
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RUN 092974/100274 SPANWISE PkOFILE TH=O 42) 

REJi = O.lCOOOE 01 REM = 675Y. KEH = 3924. 

J& t o.oo- CY DELZ = 0.619 CM DEH2 = 0.358 CM 

ZK ‘= 
lb.73 H/S DELYS=’ 3.627 CM OELT99 = 3.763 CM 

=\,O.l5316E-04 H2I.S DELJ f 0.977 CM -UINF = 16.72 n/s ' 
PORT =’ 

176.4: CM 
H = A.57y VISC = O.l5262E-04 H2fS 

XLOC =” CFf2 = 0. LUOUOE 01 TINF = 22.24 DEG C 
TPLATE = 34.23 DEG C 

U+ YICHJ TtDEG C) TRAR TBA R YICM) Y/DEL UfMfSJ U/UINF Y+ 

c.333 L77.4 0.025 0.007 
0.028 0.008 
0.030 0.008 
0.033 0.009 
0.038 0.011 

0.046’ 0.013 
0.056 0.015 
0.069 0.019 
0. C84 0.023 
0.102 0.028 

5.58 
5.70 
5.95 
6.10 
6.55 

0.>3 0.0546 31.66 
0.341 3O5.1 0.34 0.0571 31.40 
C.356 332.tl 0.3b ti. 0597 31.07 
0.370 360.6 0.37 U.ObC8 30.45 
C-392 4Ab.o 0.39 0.tJ72u 29.84 

0.327 0.673 
0.345 0.655 
0.369 0.631 
0.413 0.587 
0.457 0.543. 

6.98 0.417 q99.2 
7.3 5 C-440 bl3.2 
7.72 0.462 ‘748.9 
8.14 0.487 Yi5.3 
8.38 c-501 1109.4 

0.4L 0.0825 
0.44 O.UY52 
0.46 O.llOta 
0.49 0. AjOd 
0.50 O.ASbL 

0’. 32 0.1667 
0.53 0.2222 
0.54 L).ZbL9 
O.>b O.JUUb 
0.56 0.3619 

29.18 
28.60 
28.04 
27.58 
27.16 

0.503 0.497 
0,545 0.455 
0.585 0.415 
0.618 0.382 
0.640 0.352 

0.122 0.034 8.64 C.516 1331 .-i 
0.147 0.041 8.86 C.530 1bl)U.l 
0.178 0.049 9.10 0.544 1941.5 
0.213 0.059 9.25 C-555 L3LY.8 
0.254 0.070 9.43 0.:64 2773.6 

26.80 0.674 0.326 
26.55 0.691 0.309 
26.32 0.708 0.292 
26.10 0.724 0.276 
25.95 0.735 0.265 

0.300 0.083 9.i; 0.569 3L72.8 0.57 3.4L54 25.78 0.746 0.254 
0.351 0.097 9.55 0.573 3627.6 3.57 oi4ntN 25.67 0.755 0.245 
0.406 0.112 9.63 0.576 uuA7.t) 0.5&i o.>z42* 25.57 0.762 O-23@ 
0.467 0.129 9.62 0.575 5103.4 0.5’7 O.6L53 25.49 0.767 0.233 
0.538 0.148 9.49 0.567 5nno .u iJ.57 0.6794 25.41 0.773 0.227 

0.620 0.171 
0.6Sb 0.192 
0.772 0.213 
0.848 0.234 
0.925 0.255 

5.44 C-565 6707.6 L).bb U. t)Ub4 25.26 0.784 
s.39 0.562 7539.7 o.>b o.y334 25.18 0.790 
9.41 C.563 6431.7 0.5b l.dbd4 25.06 0.798 
9.49 0.567 3263.6 O.J/ A.Ld74 24.95 0.806 
9.61 C.5?bLOiJYs .9 0.36 1 .r)14* 24.86 0.812 

0.216 
0.210 
0.202 
0.194 
0.1ae 

1.026 0.233 4.8t C.59OllLO5.3 U.!I3 1.4u14 24.76 
1,128 0.311 10.13 C.606123L+.a 0.01 A. bbb4 24.65 
1.229 0.335 IO.4C C.62213424.2 0.62 I.LslLb 24.41 
1.356 0.374 10.68 0.63814aAL .3 U.b4 Z.J7b4 24.09 
1.483 0.405 10.9e 0.c5616197.~ 0.60 L. 3304 23.79 

0.819 
0.828 
0.845 
0.867 
0.889 

0.181 
0.172 
0.155 
0.133 
0.111 

1.610 0.444 11.23 O-C72 17584 .b 0.07 LI 5644 23.49 0.910 
1.737 0.479 11.67 C.6S71tI97L.u 0.10 L.ti3d5 23.19 0.932 
1.864 0.514 12.ot 0.72120358.2 0.72 3.0924 22.92 0.951 
2.118 0.584 12.92 tl.77323131.8 0.77 3.34b4 22 -67 0.969 
2.372 0.654 13.75 C.822d~905.4 3. dL a. bc)L)4 22.47 0.983 

0.090 
0.068 
0.049 
0.03 1 

2.626 0.724 
2.880 0.794 
3.134 0.864 
3.388 0.934 
3.642 1.004 

3.896 1.074 
4.150 1.144 
4.404 1.214 

14.53 C. Eb92ti67~ .0 
15.2 1 0.9103145L.b 

15.83 C.94634LZb.L 
16.23 0. s703b999.8 
16.53 O.S883r773 .L, 

0.67 3.8544 
0.91 4. LO84 
0.Y5 4.JS24 
O.Y7 
O.Y9 

22.34 0.993 
22.27 0.998 
22.24 1.000 

0.01'7 

0.007 
0.002 
0.000 

16.66 0 .S9642547 .O 1.03 
16.72 1.000M3~3.6 1.00 
lb.73 1.00048OY4.2 l.UU 
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RUN 092974/100274 SFAhWISE PROFILE TH=O (31 
/ 

REX = O.lOOOOE 01 REM = &L&l. RtH - 3920. 
/ 

XV0 = 0.00 CM OELZ = 3.565 CM 0EH2 = 
UINF = lb.72 H/S DEL99= 3.6&l CM DEL199 = 

0.358 c$ 
3.783 CM 

VISC = O.l530OE-04 C2fS DEL1 = U.tll4 CM UiNf = 
PORT = 3 H = 1.443 VISC 

lb.73 $ti/S 
= O.l52&8E-O+ M2fS 

XLCC = 176.40 CP CFfL = O.lUUUOE 01 TlNF = 22.30 DEG C 
TPLATE = 36.21 DEG C 

T(DEG Cl TBAR TBAR Y(CH) Y/DEL UIHfS) UfUINF r+ u+ YiLMJ 

o.sU d.U54b 31.28 0.355 0.645 
U.3Y U.J>7L 31.12 0.366 0.634 
0.40 O.&i47 30.68 0.398 0.602 
0.4L 0. UOZL 30.38 0.419 0.581 
0.45 u. 3046 30.11 0.439 0.561 

0.47 U.U724 29.44 0.487 0.513 
U.50 U.;)dlfi 28.71 0.539 0.46 1 
0.52 u. 3952 28.22 0.575 0.425 
0.54 u. LLU5 27.66 0.615 0.385 
0.30 0. 1308 27.24 0.645 0.355 

0.5? U. 1562 26.84 0.673 0.32 7 
U.5d 0. Ad67 26.58 0.692 0.308 
o.bU U.L~LL 26.29 0.714 0.286 
0.62 U.ibZY 26.09 0..728 0.272 
O.&L c).dot)b 25.84 0.745 0.255 

0.243 
0.23 1 

O.bS 0.3619 25.68 0.757 
3.04 0.4254 25.51 0.769 
U.Ot, U.udtiY 25.38 0.778 
0.05 0.5524 25.28 0.786 
0.60 O.bl!iY 25.20 0.791 

0.222 
0.214 
0.209 

0 .bo U.o7Y4 25.15 0.795 0.205 
0.66 O.tii)b4 25.02 0.804 0.196 
0.07 l).Y334 24.89 0.814 0.186 
o.b7 l.c)b,r)4 24.84 0.817 0.183 
o.btr L.it174 24.76 0.823 0.177 

0.69 1.3144 24.66 0.831 0.169 
0.7 1 1.4414 24.57 0.837 0.163 
0.7L 1.3bti4 24.47 0.844 0.156 
3.73 L.&i224 24.22 0.862 0.138 
0.75 r?.i)TbQ 23.99 0.879 0.121 

O.l7 L.3dU4 23.71 0.899 
U.dl 2.>64c 23.44 0.918 
0.85 L-t1385 23.17 0.938 
O.&J& 3. iJYL4 22.90 0.957 
0. YL 5.dCb4 22.68 0.972 

0.101 
0.082 
0.062 
0.043 
0.028 

0.95 3.buo4 22.52 0.984 0.016 
0.Y 7 j.u!344 22 -42 0.992 0.008 
O.YY 4. LO84 22.35 0.996 0.004 
1.00 4.3024 22.32 0.999 0.001 
1.00 b.bLbU 22.30 1.000 0.000 

1.30 

0.025 0.007 6.43 0.384 277.6 
0.028 0.008 6.46 0.386 305.4 
0.030 0.008 6.76 0.404 333.2 
0.033 0.009 6.97 0.417 360.Y 
0.038 0.010 7.47 C-447 416.3 

0.471 4YY .7 
0.492 b13.6 
0.520 749.0 
0.539 Yio.2 
0.558 lllU.5 

C.570 13&Z. b 

0.583 lblU .3 
0.557 lY%A.O 
0.612 2332.1 
C.622 L77h.4 

0.t32 3i7b.i 

0.640 ~d3L .4 
C.649 4442.2 
0.654 5LU6.> 
0.657 5LitiS.Y 

C-t62 b77q.3 
C-664 /&4.&j 
C.66d 9i7> .U 
0.6731b52Z.4 
0.082LiU4Y.o 

0.6921&37.> 
0.706L4615.7 
c.i’l716213.9 
0.734L7btiL.l 

C.7501U993.~ 

0.7682037ki.4 
c.tlo52j154.u 
c.e472593i.i 
G.885La701.5 
C.920314&.& 

C .94934Lbti. L 
0.97337036.5 
O.Sa7jYdlL.9 
C.9974hdY.Z 
o.s9i&Jdb!i.b 

0.046 0.012 7.87 
0.056 C.015 8.2e 
0.069 0.019 8.7G 
0.084 0.023 9.02 
3.102 0.028 9.34 

0.122 0.033 5.53 
0.147 0.040 9.75 
0.178 0.048 9.9s 
0.213 0.058 10.23 
0.254 0.069 10.41 

0.300 O.Odl 10.57 
0.351 C.095 10.70 
0.456 0.110 10.85 
0.467 0.127 10.94 
0.538 i). 146 10.9s 

C.620 O-lb8 11.08 
0.721 0.196 LA.11 
0.848 0.230 11.17 
0.9b3 0.262 11.25 
1.102 0.300 11.41 

1.229 0.334 11.57 
1.356 0.369 AL.80 
1.483 0.403 11.95. 
L.&LO 0.438 12.27 
1.737 0.472 12.54 

l.eb4 0.507 12.84 
0.576 13.47 
0.645 14.1t 
0.714 14.80 
0.783 15.38 

2.118 
2.372 
2.626 
2.8dO 

3.134 0.852 
3.3tla 0.921 
3. C42 0.990 
3. (356 1.059 
4.150 1.12d 

15.87 
lb.27 
16.50 
lb.67 
lb.65 

lb. 73 4.404 1.157 
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.* 

RUN 052974/100274 SPANWISE PROFILE TH=O (4) 

REX * O.lOOOOE 01 REM = 5769. REH = 

xvd ’ = 0.00 CP OELL = 0.527 CM OEH2 = 
UINF = 16.74 M/S DELYS= 3.656 cn DELT99 = 
VISC = O.l5306E-04 Pi?./5 DELL = 0.73b CM UINF = 
PORT =. 4 Ii 1.396 
XL& = 176.40 CM Cf/z = O.lOOOOE 01 

vxsc = 0.1 
TINF = 

3991. 

0.364 CM 
3.760 cw 

16.75 M/S 
.5268E-04 HZ/S 

22.30 DEG C 
TPLATE = 36.21 OEG C 

YKH,’ Y/DEL UtH/S, U/UINF Y+ u+ Y(CMI 

0.025 0.007 6.54 0.391 277.9 0.39 0.0546 
0.028 0.008 6.85 a.409 305.6 0.41 0.0571 
0.030 0.008 7.13 0.426 333.4 0.43 0.0597 
0.036 0.010 7.55 0.451 3tiJ.O 0.45 0.0622 
0.043 0.012 8.01 0.478 'e72.4 0.~3 O.Ob7J 

0.053 0.015 8.40 0.502 583.5 0.50 0.0749 29.11 0.510 0.490 
0.064 0.018 8.81 C.526 722.4 0.53 o.otl51 28.51 0.554 0.446 
0.081 0.022 9.18 0.548 Bd3.2 0.55 0.0978 27.97 0.592 0.40 8 
0.099 0.027 9.47 0.566 1083.7 0.57 0.1130 27.47 0.629 0.37 1 
0.119 0.033 9.66 0.577 1305.9 0.58 0.1333 27.11 0.655 0.345 

0.145 
0.175 
0.211 
0.251 
0.297 

0.040 
0.048 
0.058 
0.069 
0.081 

9.94 0.593 1583.8 0.59 0.15tl7 26.78 0.678 0.322 
10.13 o.to5 1917.2 O.bU 0.109i 26.50 0.698 0.302 
10.38 a.620 Z3Ob.3 0.62 0.2248 26.27 0.715 0.285 
10.61 0.634 2750.6 0.63 0.2654 26.02 0.732 0.268 
10.83 0.647 3~51.0 0.65 0.31Ll 25.81 0.748 0.252 

0.348 0.095 11.01 C.t58 3d06.7 0.66 0.3645 
0.404 0.110 11.17 0.667 4426.0 0.67 3.4280 
0.465 0.127 11.27 0.673 5Ot)'r.Y 0.67 0.4915 
0,536 0.147 11.42 0.682 5862.9 0.66 0.5550 
0.617 0.169 11.55 C.690 6752.0 0.69 0.6185 

25.64 0.760 0.240 
25.48 0.772 0.228 
45.38 0.779 0.221 
25.27 0.787 0.213 
25.18 0.793 0.207 

0.719 0.197 11.65 C.696 7863.5 0.7u 0.6820 25.12 0.798 0.202 
0.846 0.231 11.78 c-704 9252.8 0.70 O.dO90 25.00 0.806 0.194 
0.960 0.263 11.89 a.71010503.2 0.71 (6.9360 24.89 0.814 0.186 
1.138 0.311 12.11 0.7231L448.2 0.7L 1.0630 24.77 0.822 0.178 
1.354 0.370 12.48 C.74514~10.0 o.a5 A.1900 24.69 0.828 0.172 

1.608 
1.862 
2.116 
2.370 
2.624 

0.440 12.91 0.77117~88.6 0.77 1.3170 24.59 0.836 0.164 
0.509 13.4 1 C.80L20367.L O.&O 1.4c40 24.47 0.844 0.156 
0.579 13.97 0.83423145.9 0.83 A.5710 24-34 0.854 0.146 
0.648 14.45 0.86325924.5 0.66 1.8250 24.15 0.867 0.133 
0.718 14.99 0.89526iO3.1 0.&9 2.0790 23.90 0.885 0.115 

2.E78 0.787 15.50 0.926314dA.7 0.93 2.53.30 23.69 0.900 0.100 
3.132 0.857 15.95 0.95234260.3 0.95 2.5870 23.44 0.918 0.082 
3.3E6 0.926 16.30 a-97337038.9. 0.97 i.tl410 23.15 0.939 0.061 
3.640 0.996 16.53 O.S8739817.5 O.YY 3.0950 22.90 0.957 0.043 
3.894 1.065 16.68 0.9964iz596.2 1.00 3.3490 22.73 0.969 0.031 

4.148 1:135 16.75 l.COO45374.8 1.00 3.6030 
3.857 
4.111 
4.365 

T(DEG Cl TBAR TBAR 

31.08 0.369 0.631 
31.03 0.372 0.628 
30.76 0.392 0.608 
30.35 0.421 0.579 
29.73 0.466 0.534 

22.53 0.983 0.017 
22.42 0.992 0.008 
22.32 0.999 0.001 
22.30 1.000 0.000 
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: 
RUN 092974/100274 SFLhWI SE PROFILE TH=O (5) I 
REX = O.lOOOOE 01 REM = 6634. REH = 3910. .! 

xv0 = 0.00 CM DEL2 = 0.609 CH DEH2 = 0.357 CM 
UINF = 16.73 M/S DEL99= 3.605 CM DEL199 = 
VISC = O.l5309E-04 M2/S DEL1 = 0.907 CM UINF = 

3.909 cn,( 
16.73 Hf.5 

PORT = 5 H .= 1.490 VISC = O.l5266E-04 W/S 
XLOC = 176.40 CP CF/2 = O.lOOOOt OL TINF = 22.29 DEG C 

TPLATE = 36.19 DEG C 

YICMI Y/DEL U(M/SI U/LINF r+ u+ Y(LM) T(OEG C) TBAR TBAR 

0.C25 
0.028 
0.030 
0.036 
0.043 

0.007 6.99 0.418 277.5 0.4L U. 3546 28.73 0.537 0.463 
0.007 7.22 c.421 JO5.3 0.43 0.5>71 28.21 0.574 0.426 
0.008 7.49 G.448 J3j.r) 0.45 r).u597 27.86 0.599 0.401 
0.009 7.83 C-468 386.5 0.4l 0.00*6 27.39 0.633 0.367 
0.01 I 8.13 0.486 47l.n O.uY J.U724 27.03 3.659 0.341 

0.053 0.014 8.3C C .496 582.0 0.30 u. o&425 26.74 0.680 0.320 
0.066 0.017 8.44 0.504 7LL.5 u.so O.OYks2 26.51 0.696 0.304 
O.CBl 0.021 8.49 C.508 tSdb.1 0.51 u.1105 26.35 0.708 0.292 
0.102 0.027 8.44 C.505 111U.L 0.3U 0. LjOt) 26.18 0.720 0.280 
0.122 3.032 8.47 0.506 1332.1 0.51 3.15bd 25.99 0.734 0.266 

0.147 
0.178 
0.213 

0.039 8.60 
0.047 8.68 
0.056 8.93 
0.065 8.99 
0.076 9.24 

a. 514 1bO‘d.b 
0.519 1942 .b 
c.534 2331.1 

0.51 0.19+3 
0.5.4 0.2451 
0.53 J.2Y59 
0.54 0.3467 
0.33 O.dY75 

25.64 0.759 0.241 
25.09 0.793 0.201 
24.77 0.821 0.179 

0.249 
0.290 

0.537 27.L9.7 
0.552 3163.7 

24.77 0.821 0.179 
24.87 0.814 0.186 

0.335 0.088 9.43 C-564 3bb3.2 ri.30 0.44aj 
0.386 0.101 9.61 C-575 4216.3 0.57 lJ.4991 
0.442 0.116 9.81 0.586 ‘+dLtl .&i 0.59 u-5439 
0.503 0.132 lO.OC 0.598 5*94.8 0.60 o.oou7 
0.579 0.152 10.27 O.CL4 0327.4 I).bL r).6>15 

25.00 0.805 0.195 
25.11 0.797 0.203 
25.21 0.790 0.210 
25.29 0.784 0.216 
25.34 0.780 

0.681 
0.808 
u. 460 
1.138 
1.354 

0.179 
0.212 
0.252 
0.299 
0.356 

10.47 C.626 7437.5 0.63 U.IJL3 25.37 0.778 
LO.69 0.639 db23.d 3.oz 0.733i 25.37 0.770 
10.92 C.653AlJ493.2 0.05 U.d339 25.37 0.778 
11.18 C.6681243L.8 i).br 0.8547 25.37 0.778 
11.54 C.69014791.7 U-69 U.YJ35 25.32 0.782 

0.220 

0.222 
0.222 
0.222 
0.222 
0.210 

l.bG8 0.423 12.08 0.722L/566.a 
1.862 0.469 12.64 0.756LJJCL.O 
2.116 0.556 13.25 C.79223117.2 
2.370 0.623 13.81 C.E26L58%.4 
2.t24 0.690 1*.40 C.8612do67.~ 

U.7L cl.rbb3 
3.7b L.r)07L 
0.13 l.d!a,lY 
il.63 A. lL14 
O.db A..AU4’1 

O.YU 1.31i9 
0.93 1.4SdY 
0.95 L.lib5Y 
O.Ycl l .UL99 
O.LY 2.0739 

25.25 0.787 0.213 
25.22 0.789 0.211 
25.17 0.793 0.207 
25.07 0.800 o.2oa 
25.01 0.804 0.196 

2.878 0.756 14.99 C.Ei9ba144L .7 
3.132 0.023 15.53 C.S20~Uil7.Y 
3.386 0.890 15.37 c.95530943.1 
3.640 0.957 16.36 O.~7839?ba.L 
3.894 1.023 16.58 c.9914zs43.4 

24.89 0.813 0.187 
24.74 0.823 0.177 
24.61 0.833 0.167 
24.37 0.850 c-150 
24.11 0.869 0.131 

4.14ti 1.090 16.64 C.Y954>31M. 6 
4.402 1.157 16.71 C.59S4vv33.& 
4.C56 1.224 16.73 l .C005086~.9 

O.YY ~.32iJ 23.86 0.887 0.113 
l.OU 2.5819 23.60 0.905 0.095 
1.uo L.8359 23.34 0.924 0.076 

3.090 23.07 0.944 0.056 
3.d4u 22.82 0.962 0.038 

3.5Yd 22.62 0.976 0.024 
3.a5jL 22.45 0.988 0.012 
u.LOb 22.34 0.996 0.004 
4.560 22.29 1.000 a.000 
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RUN 092974/100274 SPAhWI SE PiOFiLE TH=O 

REX = 0.10000E 01 REM = 6814. 

xv0 = 0.00 CM DEL2 = O.oZ> 
UINF = 16.70 C/S DELYr= 3 .dOb 
VI SC = 0.15314E-04 P2/S DEL1 = 1.216 
PORT = 6 ti 1.947 
XLCC = 176.40 CF CF/2 : U.10000ti 01 

Y(CH) Y/DEL U(M/S) U/LINF r+ u+ YiLMJ TIDEG CJ TBAR TEAR 

0.025 0.007 0.00 
0. C84 0.022 0.00 
0.147 0.038 0.00 
0.173 0.045 0.00 
0.198 0.051 0.00 

0.000 277 .O 
c-000 Yl*.3 
0.000 LbU6.9 
c.000 lYt1S.9 
0.000 L161.0 

d.000 229Y.5 
0.101 L438.0 
0.169 2576 .b 
0.221 LIl5.L 
0.273 2853.6 

o.uu 0.054b 32.18 0.287 0.713 
o.uu d.Ob73 31.27 0.352 0.648 
0.W u. UdOO 30.91 0.378 0.622 
0.00 U.UYZ7 30.70 0.393 0.607 
0.lJi.l O.lOzi4 30.54 0.405 0.595 

0.211 0.055 0.00 
0.224 0.058 1.70 
0.236 0.061 2.82 
0.249 0.'064 3.69 
0.262 0.068 4.55 

o.uu L).lldl 30.44 0.412 0.588 
O.LU u.130t) 30.28 0.424 0.576 
U.LZ U.LCJtJ 30.18 0.431 0.569 
0.Z.f U. 1~62 30.04 0.441 0.559 
0.27 0. LtSdY 29.79 0.459 0.541 

0.274 0.071 5.20 0.311 2YYL.l 0.3 1 0.1943 29.27 0.496 0.504 
0.287 0.074 5.Y1 0.354 3130.7 0.35 U.LLY7 28.72 0.536 0.464 
0.300 0.078 6.48 C.388 3)LbY.L 0.3Y O.lY4j 27.92 0.594 0.406 
0.312 0.081 6.98 0.418 3407.7 u-42 U.LIJ5 27.01 0.659 0.341 
0.325 0.084 7.45 C.446 >>ub .L 3.45 O.LY!iY 25.83 0.744 0.256 

0.338 O.Oh7 7.85 C.470 16th.7 3.47 ti.3213 24.72 0.825 0.175 
0.358 0.093 d.30 c.457 dgub.4 0.5u U.Jub7 24.06 0.872 0.128 
0.389 0.101 a.7c 0.521 4f3O.B 0.52 0.3Y 75 23.71 0.897 0.103 
0.429 0.111 9.02 0.540 4btIi.i 0.34 U.44dd 23.74 0.895 0.105 
0.460 0.124 9.21 c.551 5230.2 0.55 o.rj91 23.86 0.887 0.113 

0.541 
0.617 
0.693 
0.770 
0.846 

0.140 
0.160 

5.31 c.557 5YOL.l o.so 0. JYYY 
9.33 C-558 67r)Li3 0.5tl U.O;)J;I 
9.33 C. 558 73~3.4 U.5il 3.6515 
9.33 c.559 d394.6 O.>b u. 7023 
9.40 G.563 ti223.7 U.!Jb u.7>>1 

24.09 
24.33 

0.17Y 
0.199 

24.64 
24.92 

0.219 25.17 

0.870 0.130 
0.852 0.148 
0.830 0.17c 
0.810 0.190 
0.792 0.208 

0.922 0.238 
1.024 0.265 
1.100 0.284 
1.176 0.304 
1.278 0.330 

Y.4.e 
9.62 
9.71 
4.87 

10.02 

C.S6BlOO!Jb.9 O.S7 U.dd3Y 
0.576L11bz..l U.5tl U.0947 
C.58111YYb.L 3.10 O.YU>> 
0.5911Lod7.4 O.ZY J.9Jb3 
0.6COl3435.b o.ou L.&Id71 

25.35 
25.4fJ 
25.56 
25.59 
25.59 

0.779 0.221 
0.770 0.230 
0.764 0.23C 
0.762 0.238 
0.762 0.238 

1.405 0.363 LO.25 0.tl6153LO.d 0.62 L.U579 25.57 0.763 0.237 
1.557 0.403 10.66 O.b381oYJ>.l 0.64 L.LUd7 25.51 0.768 0.232 
1.709 0.4’42 11.06 0.663Ldo4~.4 o.ou L.l59!3 25.42 0.774 0.226 
1.913 0.495 Ll.bl 0.t952ud61.c 0.7u I.2357 25.31 0.782 0.218 
2.141 0.554 12.30 0.73723j>5.2 o.i* l.jLlY 25.21 0.789 0.211 

2.395 0.620 13.06 0.782201Lb.7 0.7u l.'t3dY 25.03 0.802 0.198 
2.649 0.685 13.80 C.826Ltia9b.2 O.da 1.3biiY 24.88 0.813 0.187 
2.903 0.751 14.51 C..!?b'iALbb6.7 LI.07 1.6Y29 24.73 0.824 0.176 
3.157 0.817 15.18 C.90934437.2 3.YA l.dLYY 24.61 0.832 0.168 
3.411 0.882 15.76 0.94431LJ7.0 0.94 L.OI3Y 24.33 0.853 0.147 

3.665 0.948 16.21 C.9713YY7d.l U.Y7 
3.919 1.014 16.51 0.58842 74b.6 0.9Y 
4.173 1.079 16.67 G.S984>~l~.l 1.00 
4.427 1.145 16.71 1.0004aZdY .6 1.00 

16) 

REH = 3409. 

CM 3EH2 0.312 CM 
CM DkLT99 == 3.999 CM 
LM UINF = 16;70 M/S 

VISC = 0.15266~-04 n2 1s 
TINF = 22.29 DEG C 
JPLATE = 36.15 DEG C 

L.3L7Y 24.04 0.873 0.127 
E.SUlY 23.78 0.893 0.107 
L.M35Y 23.49 0.913 0.087 
3.OU9Y 23.19 0.935 0.065 

J.34* 22.94 0.953 0.047 

3.5Yr) 22.67 0.972 0.028 
>.U5L 22.52 0.983 0.017 
4.130 22.37 0.994 0.006 
4.363 22.29 1.000 0.000 
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RUN 052974/100274 SPbhClI SE PROFILE TH=J (7) 

REX = O. lOOOOE 01 REM = 7734. REH = 4001. 

xv0 = 0.00 clr DEL2 = 0.699 CM DEHZ = 0.363 CM 
UINF = 16.77 W/S DEL99= 3.9% CM DELT99 = 4.055 CM 
VISC = O.l5158E-04 CZ/S DEL1 = 1.130 CM JINF = 16.82 M/S 
PORT = 7 H = 1.625 VISC = O.i5265E-04 HZ I.5 
XLOC = 176.40 Cl’ CF/L = O.li lOOOE 01 TINF = 22.27 DEG C 

TPLATE = 36.21 DEG C 

Y(CNl Y/DEL U(M/S) U/IIINl= Y+ U+ Y (CM) T(DEG C) TBAR TBAR 

0.025 0.006 6.32 C.377 281 .O 
0.028 0.007 6.32 0.377 309.1 
0.030 0.008 6.35 G.379 337.1 
0.036 0.009 6.78 0.405 393.3 
0,043 0.011 7.26 0.433 477.6 

0.053 0.013 7.53 c-449 990.0 
0.066 0.017 7.64 0.455 7hU.5 
it.081 0.021 7.55 c .450 M5Y .A 
0.102 0.026 7.43 c-443 lll).tr 
0.122 0.031 7.36 0.439 1346.6 

0.147 0.037 7.38 0.440 LbZL.6 
0.178 0.045. 7.56 0.451 igbb.7 
0.213 0.054 7.91 0.472 2360.0 
0.249 0.063 a.30 c.495 2753.4 
0.290 0.073 8.63 c.515 3202.9 

0.335 0.085 8.91 0.531 3708.6 
0.386 0.098 9.04 0.539 ui70.6 
0.442 0.112 9.12 0.544 4888.7 
0.5G3 0.127 5.16 C-546 5563.0 
0.579 0.146 9.15 C-546 0405.8 

0.681 0.172 
O.&O6 0.204 
0.960 0.243 
1.138 0.288 
1.354 0.342 

1.608 c.4c7 
1.062 0.471 
2.116 0.535 

9.22 
9.345 
9.53 
9.71 

10.00 

10.55 
11.2t 
12.01 

C.550 7929.7 
0.559 8934.5 
C.56BlOb20.2 
0.57912btI6.9 
G.59614~75.1 

C.63117laC.o 
0.67220594.2 
C.71623403.a 
C.7652bL13.4 
C.809190L3.0 

2.370 0.599 12.83 
2.t24 0.664 13.5c 

2.E78 0.728 14.21 C. 85231632.5 0.65 1.3llY 25.19 0.790 0.210 
3.132 0.792 14.9s 0.89434b42.1 O.btd 1.4389 25.05 0.801 0.199 
3.386 0.856 15.61 0.93137+51.7 O.Y3 l.ZbiiY 24.90 0.811 0.189 
3.640 0.920 16.17 C.56443Lb1.3 d.Yb l.tIl’r9 24.63 0.831 0.169 
3.854 0.985 16.50 0.98443070.Y O.Yd 2.0734 24.36 0.850 0.150 

4. 148 1.049 16.67 C.S9445dMO.4 
4.402 1.113 16.75 C.999466YU .lJ 
4.656 1.177 16.77 ~.coo51499.b 

O.YY 2.327Y 24.09 0.869 
A .oo L.S?A'i 23.83 0.888 
1.00 L.tlrlSjr 23.52 0.910 

3.U9U 23.24 0.930 
a.344 22.95 0.951 

0.131 
0.112 
0.090 
0.070 
0.049 

0.02s 

O.3ja 0.0546 29.41 0.487 0.513 
0.36 0.0573 28.94 0.521 0.479 
0.36 0.0597 28.54 0.550 0.450 
u.00 0.004il 27.93 0.594 0.406 
0.43 0.0724 27.46 0.628 0.372 

0.45 O.U825 
0.40 3. us52 
0.45 O.1105 
0.44 0.1306 
0.44 0.1562 

0.44 0.1943 
0.45 iJ.2451 
0.47 0.2Y5Y 
3.50 0.3467 
3.51 3.3979 

27.05 0.657 0.343 
26.79 0.675 0.325 
26.58 0.691 0.309 
26.39 0.705 0.295 
26.24 0.715 0.285 

25.93 0.738 
25.43 0.773 
24.96 0.807 
24.84 0.815 
24.91 0.811 

0.262 
0.227 
0.193 
0.185 
0.189 

o.s3 U.4483 
0.54 a.*991 
u-54 0.5499 
0.55 1J.6007 
0.55 O-b515 

0.~5 0.7~23 
0.36 0.1531 
0.57 d.dU35 
3.5P 0.0347 
0.60 0.9055 

0.63 0.Y!~63 
0.61 L.OJ71 
0.72 l.JS75 
0.77 A.1214 
0.81 A.1849 

24.99 0.005 0.195 
25.12 0.796 0.204 
25.26 0.705 0.215 
25.35 0.779 0.22 1 
25.48 0.770 0.230 

25.57 0.763 
25.64 0.758 
25.67 0.756 
25.69 0.755 
25.65 0.757 

0.237 
0.242 
0.244 
0.245 
0.243 

25.44 0.772 
25.36 0.778 

25.62 0.759 
25.57 0.763 
25.52 0.767 

0.241 
0.237 
0.233 
0.228 
0.222 

S.5Ytl 22.67 0.971 
rl.tl3.2 22.52 0.982 
4.106 22.38 0.992 
4.360 22.30 0.498 
c.blC 22.27 1.000 

0.018 
0.008 
0.002 
0.000 



RUN 092974/100274 SPPNHISE PaOF ILE TH=O (8) 

REX = O.lDOOOE 01 REM = 7051. REH = 4296. 

xv0 = 0.00 CC DEL2 = 0.640 CM DEH2 = 0.391 CM 
UINF = 16.74 H/S DEL99= 3.M98 CM DELT99 = 3.989 CM 
VISC = O.l5195E-04 HZ/S DEL1 = 0.953 CM UINF = 16.77 M/S 
PORT = a H = 1 .+utl VISC = O.l5266E-04 M2/S 
XLOC = 176.40 Cp! CF/2 = O.lOOOOE 01 TINF = 22.28 DEG C 

TPLATE = 36.21 DEG C 

Y(CMJ a Y/DEL 

0.025 0.007 
0.028 0.007 
0.033 0.008 
0.041 0.010 
0.051 0.013 

0.063 0.016 7.94 C-474 699.4 O.i7 0.0927 28.63 0.544 0.456 
0.079 0.020 a.34 0.498 867.3 0.50 0. LO79 28.12 0.581 0.419 
0.C97 0.025 8.60 0.514 1063.1 0.51 0.1283 27.67 0.624 0.386 
O.lL7 0.030 8.84 C-528 1287.0 0.53 0.1537 27.34 0.637 0.363 
0.142 0.036 9.06 0.541 L566.7 0.54 0. L84L 27.01 0.661 0.339 

0.173 0.044 9.31 0.556 1902.5 0.56 0.2197 26.70 0.683 0.311 
0.208 0.053 9.56 0.571 2294.1 0.5’7 0.2604 26.49 0.698 0.302 
0.249 0.064 9.77 0.584 L741.8 0.56, 0.3061 26.21 0.718 0.282 
0.295 0.076 9.98 0.596 3245.4 0.60 0.3594 26.04 0.730 0.270 
0.345 0.089 10.13 0.605 3aOc .9 0.61 0.4229 25.85 0.744 0.256 

0.401 0.103 10.2E C-614 4420.4 0.61 0.4864 25.70 
0.462 0.119 10.36 C-619 509.A .9 0.42 0.5499 25.60 
0.533 0.137 10.45 C-624 5875.2 0.62 0.6134 25.50 
0.615 0.158 10.50 O-t27 6770.5 0.63 0.6769 25.44 
0.716 0.184 10.58 0.632 7889.6 0.03 0.8039 25.30 

0.755 
0.762 
0.769 
0.774 
0.783 

0.245 
0.238 
0.231 
0.226 
0.217 

0.843 0.216 10.63 0.t35 92w.4 0.63 0.9309 
0.958 0.246 10.74 0.64210547.4 0.64 1.0579 
1.135 0.291 10.88 C.65012505.8 0.65 lrlt)49 
1.351 0.347 11.20 0.66914d83. Y 0.67 1.3119 
1.605 0.412 11.66 0.69717631.6 0.70 1.4309 

25.21 
25.09 
24.99 
24.89 
24.79 

0.790 
0.799 
0.8D6 
0.813 
0.820 

0.210 
0.201 
0.194 
0.187 
0.180 

I. a59 0.477 12. LE C.72820479.3 0.73 1.5659 24 -64 0.831 0.169 
2.113 0.542 12.75 0.76223277.1 0.76 A.8199 24.43 0.846 0.154 
2.367 0.607 13.36 0.79816074.1i 0.430 2.0739 24.19 0.863 0.137 
2.621 0.672 13 -99 0.E3628872.5 0.84 2.3279 23.96 0.880 0.120 
2. E75 0.738 14.66 0.87631670.2 0.88 2.5919 23.71 0.898 0.102 

3.129 0.803 
3.383 0.868 
3.t37 0.933 

15.23 0.91034467.9 0.91 2.0359 23.44 0.917 0.083 
15.75 0.94337265.7 0.94 3.0899 23.19 0.935 0.065 
16.24 0.97040063.4 0.97 3.3439 22.90 0.956 0.044 
16.53 0.48842861 .l 0.99 3.5979 22 -64 0.975 0.025 
16.71 0.59845656. a 1.00 3.d519 22 -50 0.984 0.016 

3.891 0.998 
4.145 1.063 

4.399 1.129 16.74 1.0004t1456.6 

U(M/S) U/UINF Y+ u+ YLCMJ TtDEG C) TEIAR TBAR 

5.9c 0.353 279.d 0.35 0.0546 31.49 0.339 0.661 
5.94 0.355 307.7 0.35 o.os71 31.23 0.357 0.643 
6.32 0.378 363.7 0.36 0.0622 30.53 0.408 0.592 
6.94 0.415 447.6 0.41 0.0698 29.82 0.459 0.541 
7.56 0.451 559.5 0.45 0.0800 29.20 0.503 0.497 

1.00 4.L059 
4.360 
4.614 

22.37 0.994 
0.999 
1.000 

0.006 
22.30 
22.29 

0.00 1 
o.oo,o 
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RUN 092974/ 100274 SPANWI SE PROFILE TH=c) (YJ 

REX = O.lOOOOE 01 REM = 63&l. REH = 4181. 

xv0 = 0.00 cc .DELL = 0.3&w CM OtH2 = 0.381 CM 
UILF.= 16.78 H/S DELYY= 3.859 CM DELT99 = 3.950 CM 
VI SC = O.l5365E-04 PZ/S DELL = O.&ZY in UINF = 16.76 H/S 
PORT = 
XLOC = ‘. 

9 H = 1.419 vxsc = O.~5263~-04 nzfs 
176.40 CH CF/L = O.lc)Oduk 01 TINF = 22.25 DEG C 

TPLATE = 36.25 DEG C 

YtCMJ YCDEL U(H/S J U/L INF r+ lJ+ Y(CHJ TfDEG CJ TBAR TBAR 

0.025 0.007 6.51 
0.020 0.007 6.53 
0.033 
0.041 
0.05! 

0.009 
O.Oli 
0.013 

7.01 
X.56 
a.11 

C.388 277.5 0.39 0.0546 31.26 0.356 0.644 
0.389 305.2 3.35 0.3271 31.15 0.364 0.636 
0.417 360.7 0.4L 0.0591 30.69 0.397 0.603 
0.450 443.9 u.45 lJ.dbi!ii 30.30 0.425 0.575 
0.483 !354.9 U.48 I). UbUM 30.08 0.441 0.559 

0.063 
0. c79 
0.097 
0.117 
0.142 

0.016 
0.020 
0.025 
0.030 
0.037 

A.6C 0.513 633.7 ll.>l J. 07L4 29.36 0.492 0.508 
8.95 c.534 663.1 0.53 tJ.u,rr25 28.67 0.541 0.459 
9.25 0.553 LU54.4 0.55 U.UY52 28.09 0.583 0.417 
9.58 0.571 L276.3 0.57 U.llO5 27.58 0.619 0.38 1 
9.79 0.583 155j.a u.3tl 3.1338 27.11 0.653 0.34 7 

0.173 0.045 10.01 a.597 lMtlb.8 0.6b 0. L>b.? 26.76 0.678 0.322 
0.208 0.054 10.25 C.611 ~273.2 0.01 0. Ldbl 26.47 0.699 0.30 1 
0.249 0.064 10.43 0.622 L719.2 0.62 0.222L 26.24 0.715 0.285 
0.295 (2.076 10.62 0.633 3Llti.b i).bj 0. LOLY 25.97 0.734 0.266 
0.345 0.090 LO.78 O.t42 3773.5 i). 64 U.3UtJb 25.03 0.745 0.255 

0.401 0.104 10.95 C.652 43au. 0 0.05 O.jb19 25.63 0.759 0.24 1 
0.462 0.120 11.33 0.657 3U49.Y 0.60 3.4L54 25.48 0.769 0.23 1 
0.533 c. 138 11.10 0.661 5bLb.& 0.66 O.4dMJ 25.38 0.776 0.224 
0.t15 5.159 11.21 0.668 071e.7 0.07 0.5224 25.30 0.782 0.218 
0.516 0.186 11.25 0.670 7n24.5 0.07 u.blS% 25.20 0.709 0.211 

0. t343 0.219 11.37 0.678 5.211 .Y 
0.958 0.248 11.52 C.68613uo0.4 
1.os7 0.2d4 11.67 Cl.t95llY86.5 
1.224 0.317 11.B; 0.70413373.9 
1.351 0.350 11.9e 0.714147bl .i 

3.6M U.6794 
U.69 U.d004 
0.7u 0.9334 
0.70 1.3604 
s.r1 i.LUl4 

25.17 0.792 0.208 
25.04 0.801 0.199 
24.95 0.807 0.193 
24.87 0.813 0.187 
24.79 0.819 0.181 

1.478 0.383 12.22 
1.605 0.416 12.44 
1.732 0.449 L2.65 
i. e59 0.482 12.9t 
2.113 0.548 13.43 

C .728ro14ti.5 
0.7411753s.t! 

24.71 0.82'5 0.175 
24.59 0.833 0.167 

0.7551d9LJ.l 
C.772iO31u.5 
c. EOOd30tl5.1 

0.73 1.3144 
0.{4 l.Cll4 
0.16 1.5bd’r 
0.77 l.dZ.24 
0.80 i.07b4 

24.49 0.840 0.160 
24.27 0.856 0.144 
24.04 0.872 

2.367 0.613 13.98 
2.621 0.679 14.51 
2.E75 0.745 15.08 
3.129 0.811 15.57 
3.383 0.877 16.03 

c.83325d59.d o.tl3 L-3304 23.79 0.890 
O.E652tlb3+.4 0.86 L.brj44 23.55 0.907 
C.898AL40Y.l 0.90 L.d3M5 23.30 0.925 
c. 52 83cL dj. I U.Y3 .3.09L4 23.05 0.943 
o.955jO956.4 0.Y5 3.3464 22.79 0.962 

0.128 

0.110 
0.093 
0.075 
0.05 7 
0.03. e 

3.637 0.942 16.38 
3.891 1.008 16.62 
4.145 1.074 16.74 
4.399 1.140 16.78 
4.653 1.206 16.79 

0.57639735.0 0.98 3.0004 22.58 0.976 0.024 
c.99042507.7 0.99 j.db44 22.43 0.987 0.013 
0.S9745L82.3 1.00 4.10614 22 -33 0.994 0.006 
1.0004ku57.J 1 .uo 4.3624 22.27 0.999 0.001 
l.COO5J831.I 1.00 ‘t.Slb’i 22.25 1.000 -0.000 
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RUN 092974/100274 SPINWISk PROFILE rH=O (101 

REX = O.lOOOOE 01 REM = 6720. REH * 4158. 

xv0 =. 0.00 cc DEL2 * 0.612 CM DEH2 = 0.379 CM 
UINF = 16.72 M/S DELY9= 3.831 CM DtLT99 = 3.934 CH 
vxsc = O.l5224E-04 HZ/S DE11 = 0.9W CM UINF = 16.75 H/S 
PORT = 10 1.483 
XLOC - 176.40 Cc( :F/2 : 0.10000E 01 

VISC = O.l5265E-04 H2/S 
TiNF 
TPLATE =’ 

22.27 DEG C 
36.23 DEG C 

T(DEG CJ TBAR TBAU 

31.38. 0.347 0.653 
31.22 0,359 0.641 
30.78 0.391 0.609 
30.16 0.43s 0.565 
29.51 0.482 0.518 

28.79 0.533 
28.20 0.575 
27.65 0.615 
27.16 0+650 
26.81 0.674 

0.467 
0.42 5 
0.385 
0.35 0 
O-326 

26.45 0.700 
26.22 0.717 

0.300 
0.283 
0.270 
0.256 
0.24 8 

Y(CHJ Y/DEL UtWSJ U/bINF Y+ 

0.025 
0.028 
0.033 

0.007 
0.007 
0.009 
0.011 
0.013 

0.041 
0.051 

6.16 0.368 279.0 
6.3 I 0.377 306.9 
6.78 0.405 362.4 
7.32 0.438 446.3 
7.82 0.468 557.9 

u+ YtCHJ 

0.37 0.0546 
0.38 0.0571 
0.41 0.0597 
0.44 0.0648 
0.47 0.0724 

0.492 697.4 0.49 0.0825 0.063 0.017 8.23 
0.079 0.021 8.63 
0.097 0.025 9.01 
0.117 0.030 9.20 
0.142 0.037 9.49 

0.516 864.8 0.52 0.0952 
0.539 1060.1 0.54 0.1105 
0.550 1283.2 0.55 0.1308 
0.567 1562.2 0.57 0.1562 

0.173 0.045 9.69 0.580 1896.9 0.58 3.1867 
0.208 0.054 9.90 0.592 2287.5 0.59 0.2222 
0.249 0.065 10.02 0.599 2733.8 0.60 0.2629 
0.295 0.077 10.13 0.606 3236.0 0.61 0.3086 
0.345 0.090 10.20 0.610 3793.9 0.61 0.3619 

0.105 10.23 0.612 4407.6 0.61 0.4254 
0.12 1 10.23 0.612 5077.1 0.61 D.4889 
0.139 AD.25 0.613 5858.2 0.61 0.5524 
0.160 10.25 0.613 6750.9 0.61 0.6159 
0.180 10.28 O.Cl5 7587.8 0.6A 0.0794 

0.200 10.36 0.620 d424.6 

26.04 0.730 
25.85 0.744 
25.73 0.752 

25.62 0.760 
25.54 0.766 
25.47 0.771 
25.40 0.775 
25.34 0.780 

0.220 10.41 0.623 9261.5 
0.240 10.49 0.62710098.4 

0.64011214.3 
0.64612051.1 

0.62 4.8064 
0.62 0.9334 
0.63 1.0604 
0.64 l.lB74 
0.65 1.3144 

25.24 0.787 
25.13 0.795 
25.01 0.804 
24.91 0.811 
24.84 0.816 

0 -66413445.9 0.66 1.4414 24.73 
0.68114840.8 0.68 A. 5684 24-61 

0.240 
0.234 

0.401 
0.462 
0.533 
0.615 
0.691 

0.229 
0.22 5 
0.220 

0.213 
0.205 
0.196 
0.189 
0.184 

0.176 
0.168 

0.767 
0.843 
0.919 
1.021 
1.097 

1.224 
1.351 
1.478 
1.605 

0.267 
0.286 

0.320 
0.353 
0.386 
0.419 
0.452 

10.70 
10.81 

11.10 
11.36 

0.824 
0.832 
0.847 
0.865 
0.885 

0.903 
0.923 
0.944 

11.62 0.69536235.6 0.70 A.6224 24.41 
11.88 0.71Ol7630.4 0.71 L-0764 24.16 

0.153 
0.135 

1.732 12.18 0.72819025.2 0.73 2.3304 23.87 

1.859 
2.113 
2.367 
2.621 
2.875 

0.485 
0.552 
0.618 
0.684 
0.750 

12.52 t.74920420 .o 0.75 2.5644 23.62 
13.19 0.78923209.6 0.79 2.8385 23.34 
13.83 0.82725999.2 0.83 3.0924 23.05 
14.45 0.8642878tl.8 0.86 3.3464 22.80 
15.01 0.89831578.4 0.90 3.6004 22.62 

3.129 
3.383 
3.637 

0.817 15.35 C.91834368.0 0.92 3.8544 
0.883 16.00 0.95737k57.7 0.96 4.AO84 
0.949 16.33 0.s7739947.3 0.98 4.3624 
1.016 16.56 0.99042736.9 0.99 4.b164 
1.016 16.56 0 -99042736 -9 0.99 

3.891 
3.891 

22.45 0.987 0.013 
22.32 0.996 0.004 
22.29 0.999 0.001 
22.27 1.000 0,000 

4.145 1.082 16.7C 0.99945526.5 1.00 
4.399 1.148 16.72 1.000~8316.1 1.00 

O-115 

0.097 
0.077 
0.056 
0.038 
0.02 5 

0.962 
0.975 
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RUN 092974/100274 SPAAWJSE PROFlLE JH+ ILL) 

REX = O.lOOOOE 01 REM = 7255. AEH = :4079* 

xv0 = 0.00 CM DEL2 = 0.659 cn DEHZ 3: ii372 CM 
UINF = 16.72 H/S DEL99= 3.907 CM DELT99 = 3,949 CM. 
VISC = O.l519bE-04 HZ/S DEL1 = 1.099 CM UINF = J4.76 Jqs 
PORT = 11 H 1.667 
XLOC = 176.40 CP CF/Z : O.iOOOOE 01 

VISC = 0.1526&E-04 H2fS 
TINF = 22.28 DEG C 
TPLATE = 36.19 DEG C 

Y(CH) Y/DEL U(M/Sb U/llINF Vi u+ YLCH) TtDEG Cl TBAR TBAR 

0.025 0.007 4.94 C.296 279.4 0.30 0.0546 31.97 0.3D4 0.696 
0.030 0.008 4.97 0.297 335.3 0.30 0.057L 31.81 0.315 0.685 
0.033 0.008 5.14 0.308 363.3 0.31 0.0597 31.45 0.341 0.659 
0.036 0.009 5.51 0.329 391.2 0.33 0.0648 30.86 0.383 0.617 
0.043 0.011 5.95 0.356 475.1 0.36 0.0724 30.18 0.432 0.568 

0.053 0.014 6.34 0.379 586.B 0.3b 0.0825 29.58 0.475 0.525 
0.066 0.017 6.75 0.404 7Lb .6 0.40 0.0952 28.99 0.518 0.402 
0.051 0.021 7.11 0.425 894.2 0.43 O.Ll05 28.49 0.554 0.446 
0.099 0.025 7.34 0.439 1089.tl 0.44 il.1308 27.98 0.590 0.410 
0.119 0.031 7.59 0.454 1313.4 0.45 0.A56.i 27.61 0.617 0.383 

0.145 0.037 7.85 0.470 1592.9 0.47 0.1667 27.23 0.644 0.356 
0.175 0.045 8.07 0.483 1928.2 0.4d 0.2222 26.95 0.664 0.336 
0.211 0.054 8.22 0.492 2319.4 0.49 O.LbLY 26.67 0.684 0.316 
0.251 0.064 8.34 0.499 27bb .5 0.50 0.3086 26.48 0.699 0.301’ 
0.297 0.076 8.45 C.506 3263.5 0.51 0.3bL9 26.31 0.710 0.290 

0.348 0.089 8.44 0.505 Jt128.4 0.51 0.4254 
0.404 0.103 8.46 0.506 4443.2 0.51 O.%dd9 
0.465 0.119 8.40 0.503 5113.9 0.50 0.5524 
0.536 0.137 8"36 c. 500 5kl96.3 0.50 0.6159 
0.617 0.158 8.33 0.498 0790.6 0.50 0.6794 

26.17 0.721 0.279 
26.04 0.730 0.270 
25.94 0.737 0.263 
25.81 0.747 0.253 
25.73 0.752 0.248 

0.693 0.177 8.32 0.498 7626.9 0.50 LJ.t)064 
0.770 0.197 8.42 0.504 8467.3 0.50 0.9334 
0.846 0.216 8.56 C.512 9305.6 0.51 1.0604 
0.922 0.236 5.77 0.52510144.0 0.52 l.ld74 
1.024 0.262 9.11 0.54511261.7 0.55 1.3144 

25.56 
25.41 
25.26 
25.15 
25.00 

0.764 
0.775 
0.786 
0.794 
0.805 

0.236 
0.22 5 
0.214 
0.206 
0.195 

1.125 0.288 9.56 0.5721L379.5 O.cJ? 1.44L4 24.90 0.812 0.188 
1.227 0.314 9.92 0.59313497.3 0.59 1.5686 24.81 0.818 0.182 
1.354 C. 346 10.31 0.61714d94.0 0.62 l.dL24 24.58 0.835 0.165 
1.481 0.379 10.6s 0.6391629L.8 0.64 2.0764 24.31 0.854 0.146 
1.608 0.411 11.03 0.65917bB9.0 0.06 2.3304 24.02 0.875 0.12s 

1.735 0.444 11.39 0.t8119086.~ 0.68 2.5844 23.71 0.898 
1.862 0.477 12.04 0.720204ti3.5 0.72 2.tI3ta5 23.40 0.919 
2.116 0.542 12.56 C.75L23278.0 0.75 3.0924 23.12 0.940 
2.370 0.607 13.34 0.79826072.5 O.MO 3.3464 22.85 0.959 
2. t24 0.672 14.11 0.84428ti67.0 O.M4 3.6004 22 -64 0.975 

0.102 
0.081 
O.i6i 
0.041 
0.025 

2.878 0.737 14.78 C.584iilbbl.4 O.&i8 3.8544 
3.132 0.802 15.40 0.92134455.9 0.92 4. AOd4 
3.386 0.867 15.87 0.94937250.4 0.95 4.3624 
3.640 0.932 16.26 0.47340044.9 0.97 4.bl64 
3.894 0.997 16.51 0.58742839.4 0.99 

22.47 0.987 0.013 
22.37 0.994 0.006 
22.30 0.999 0.001 
22.29 1.000 0.000 

4.148 1.062 16.65 0.99645633 .a 1.00 
4.402 1.127 16.72 1.0004t142b .3 1.00 
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SPAhbISE AVERAGti UF 11 L STATIUNS 

Y(CP) U(M/SJ U/UINf TlCJ TBAF? TBAR 

0.055 
0.057 
o.oco 
o.ot5 
0.072 
0.053 
0.095 
0.110 
0.131 
0.15t 
0.187 
0.222 
0.2t3 
0.3c4 
0.3t.2 
0.425 
0.45s 
0.552 
0.616 
0.679 
0.8Cb 
1.060 
l.lE7 
1.314 
1.441 
1.568 
1.822 
2.076 
2.330 
2.584 
2.535 
3.052 
3.346 
3.6CO 
3.854 
4.1ca 
4.362 

6.77 i).ulJ’r 
6.d 0.4t.h 
b.tiY 0.412 
7.Ul 0.419 
7.16 0.425 
7 .A3 0.438 
7.4b 0.441 
7.61 iJ.455 
7.77 0.464 
7.94 0.475 
8.1L 0.4L15 
8.SU 

.9.07 
O.SOO 
0.542 

4.>1 0.500 
9.d2 0.567 
9.99 0.597 

10.u7 0. b0L 
10.12 L).4r)5 
10.19 0.607 
lO.Ae, O.bU9 
lO.Ld 0.615 
10.03 ti.636 
lO.tio 3.049 
ll.ld 0. bb3 
11.35 0.619 
11.02 d-695 
12.24 0.732 
12.9ir 0.711 
13.57 O.MlL 
14~23 o.a5i 
l+.&ib 0. P&b 
15.41 0.922 
15.92 O.ci3.L 
lb.30 0.915 
lb.55 c).98r 
lb.bb 0.937 
16.73 L.c)UO 

31.Ll 0.359 0.641 
AO.YY 0.374 0.626 
JO.65 0.399 0.601 
AU.07 0.441 0.559 
29.49 0.482 0.518 
20.92 0.523 0.477 
Lb.45 0.557 0.443 
Lb. UL 0.559 0.411 
LI..63 0.616 0.384 

./27. 31 0.639 0.361 
26.95 0.665 0.335 
Lb.47 0.699 0.301 
Lb.19 b.719 0.281 
a.75 0.751 0.249 
25.46 0.772 0.228 
25.33 0.781 0.219 
L5.2tl 0.785 0.215 
25.26 0.756 0.214 
La.26 0.786 0.214 
25.27 0.785 0.215 
25.20 0.786 0.214 
L5.11 0.797 0.203 
L4.9V 0.806 0.194 
24.~18 0.814 0.186 
L4.75 0.522 0.178 
24.63 0. a32 0.168 
24.40 0. a45 0.152 
24.13 0.867 0.133 
23.d7 0.886 0.114 
23.60 0.905 0.095 
Lj.32 0.925 0.075 
LA.05 0.945 0.055 
ZZ.dO 0.963 0.037 
LL.50 0.978 0.022 
2~.44 0.9d9 0.011 
22.33 0.996 0.004 
22.28 1.000 0.000 

AVG UINF = 16.73 H/S ALG \riSC. = O.lrZ7dk-d4 M/b 
AVG REM = 6751. AbG RkH = 397d. AVG H= 1.548 
AVG TC = 36.21 DEG C 
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C 
C 
c 
C 
C 
C 
C 

s 
10 

C 
c *1* 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

.  

-  

Appendix III 

STANT~CIN NG~ER CATA REDUCTION PROGRAM 

_ ‘. 

STAN~TON NUMBER DATA:RECJUCTiON PROGRAM 
DISCRETE HOLE RIG NAS-‘-14336 
THIS PROGRAM USES Th’LINeAR SUPERPbiiTIbl PRINCIPLE TO‘ 
CALCULATE STANTON’NUMBERS .ANC OTkER INTEGRPL.PARAMETfRS’AT THETA= 
0. AND 1. 
REVISEC SEPTECBER- 1574 : 

REAL K 
COMMU:J/ BLKl /PAMBt FSTAT,TRECDVrRtUM,PDYN 
CGHMCN/ BLKZ /UINF,TINFrTACIABrRHOd;VISCrPRrCP ,td 
COMMON/ 0LK3 /SAFR(12J,CIL12J,SM(l2J,Ftl2JvKt’,AHITHFA? 
COMMON/ BLK4 /TD(45irT16(12J,T2(12J,TCAST(12J,TCAVLl2J,TH~l2~ 
CCCMCN/ ELK5 /QL12J;HM(45J,VCR(12J,ODOTO 
COHCCN/ I?LKb /DXV@,CENC2,CF,CREEN~36J,DST~36J,DCDCT(36J,DTH~l2~ 
DIMEN’iICN NR:J~4J,KCIYHNT~40J,TG~12JrTEXIT~12J,ST~4CJrQFLflIJ~12J, 

1 X(36),REX(36J,REEh(36J,STN~B(361,STC~L(36J,STH~T~3~J, 
2 ST3(36J,STSF~36),STCR(36),SfHR(36)rSTSP(3~J,S~C~l2J,FO~l2J, 
3 BHCOL(12J,@HOT(12J~REXC~36l,RENCOL(36J ,~ENtOTl?6J,THO(12J, 
4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

DIMEkSICN hRNC(4J,STHRB(12JrKOMNTO~4OJ 
CATA X/50.3,52.3,54.3,~6.3r5E.3,60.3,62.3,C4.3,tt.3,68.3, 

1 70.3,72.3,73~&2,74.85,~5.88,76.S15,77.S5,78.98~80.01,81.04, 
2 82.C’7,83.1,84.13r@5. 165,86.2,87.23,8E.2618S.29,90.32,Sl.35, 
3 92.38,93.415,F4.45,S5.48,S6.51,97.54/ 

READ RUN NUMBER LND CONTPGL PARAMETERS 

NRN 8 DIG1 T RUIJ NUMBER 
I OUT PARAMETER TO TERMIN4TE PR0GR.A Iv 

IOlJT=O TC READ D474 SET 
ICUT NE 0 TO TERYINATE PROGRAM 

KT ;;I; TYFE FCR LINEAR SUPERPDS IT ICF 
FLAT PLATE CR M(TH=OJ 

KT=l M  ITH= 1 I 
KM PITCY/DICMETEF R4TIO OF HOLE ARRAY 

KGp=O P/D FIVE 
KC=1 P/D TEN 

L TYPE DF FLAT PLATE STANTON NUb’BER FCR ST ND RATIO 
KEQ~LRED TO SPECIFY L FOR TH= 1 RUN DNLY 
L=O STANTDN NUMBER BASED Oh ST-REX HEArED ST4RTING 

LENGTt- CORRELATION 
L=l STANTON NUMBER BASED Ch ST-REX UNHEATEC STARTIbG 

LENGTH CORR ELAT ION 
L=2 FLAT PLATE STPNTCN NUMBER TEST DATA 

NOTE: DATA SZTS t’bS1 I!E STACKEC FLAT PLATE,M(TH=OJ,MITH=lJ, 
Y(TH=OJ ,MITH=lJ.... 

11 kRXTE I6,9@aJ 
c**************** 
C IPRI;qT=O TO PRI.NT. SUYCARY CPTA SET ONLY 
C IPRIYT=I TO PRI.NT ENTIRE C4T4 REDUCTION 
c ’ 

12 IPRINT=l 
c + * * + * + * * + * * + * * + * 

13 5 READ (5.10) (NRN(IJtI=1,4JrIOUTrKT,KM,L 
14 10 FORMAT (442,12,I2,Ii,IiJ 
15 IF (IDlrl.NE;OJ GC TC 2000 
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z *2* REAC LATA RUY DESCR IPTI CNi A FORMAT CDL l-80 
C 

1t READ (5121 (KOMMNT ( IJr I=lrbOJ 
17 2 FORMAT 14OA2J 

C 
c *a* REAC TEST C OND IT ION 5 
C 
C TAM0 AMBIENT 1EMPERATURE 4DEG F J 
C PAs(B WBIENT PRESSURE .(INCHFS HG CORRECTED TC 32 DEG Fl 
C RtUJM RELATIVE HUMIDITY (PERCENT) 
C ThEAT SECONDARA AIR TEMRt HEATER BOX (1-C TC, MVJ 
C CI(1 t SECOblCARY AIR FLOkHETER CURRENT SIGNAL (MVJ 
C 

:: 
READ (5rZDJ TAMB ~PAY3rRHLCrlHE,ATrCI (1J 

20 FORMAT (7FlO.OJ 
20 DO 22 112912 
21 22 CI (IJ=CI(lJ 

C 
c *4* READ TUNNEL CCNDITICNS 
C 
C TRECOV TUNNEL AIR FECCVEPY fEMPER4TUP.E ( I-C TC, MVJ 
C PDYN TUNNEL AIR VELOCITY DYNAMIC PRESSLRE (INCPES H20J 
C PSTAT TUNNEL GAGE STATIC PRESSURE L INCFES H2DJ 

E 
XVIII VIRTUAL CRIGI h, TBL, FFOH PGM PRCFILE t INCHES) 
END2 ENTH4LPY THICKNESS, FRCM PGM PROFILE (INCkESJ 

C DXVO UNCERTAIKTY Ih XVE, FROM PGM PRCFILE (Ih’Cl-ESJ 
C OENCZ UNCERT4IhTY Ih EN02, FROM PGM PROFILE (INCHES) 
C 

22 READ I5,23J TRECOV,POYN,PSTAT,XVOIENDZ,DXVC,CEND2 
C 
c *5* READ TE ST SECTI CN CDNOITIPNS 

TG(1 J SECONCAPY AIR TEKCERATURE iN CAVITY (1-C TC, HVJ 
TO{ I J PLATE TZWERATURE (I-C TC, MVJ 
at1 J PLATE PtrER (kATlSJ 
VARlI 1 VARIAC SETTING 
‘AFR( IJ SECOND4RY AIR FLOYYETER SIGNAL LMVJ 

L 
!3 READ (5.25) (TG(IJrT~(IJrO( IJ,VAR(IJ,SAFRtI), 1=1,12J 
24 25 FORMAT (5F10.3) 

c*+*****+***4+4+*4*t 
C IF (SAFR(Z).NE.O.I L=2 
c * * * * * * 4 4 4 * * .* * * 4 * * * * 

k +6* READ RECOVERY SECT1 CN CCNCITIONS 

z TO(I 1 PLATl TEMPERATUR F ( I-C TC, MV J 
C HMLI I HEAT FLU> METER SIGNAL (HVI 
L 

READ L 5926) (Tot I J rkM(IJ rI=13,451 
26 fORHAT(ZFlO.OJ 

C 
c *7* READ TEMPERATURES 

TCAST( IJTEST SCCTI Ch CLVIIY TEMPERATURE ( I-C TC, MVJ 
C Tl6( I J SEC0NDAR.Y AIR TEMPERATURE OUTSIDE CAVITY II-C TC, W J 
C TEXITtI JSECONDAPY AIR TEMPERATURE AT EXIT OF HCLE (1-C TC, MVJ 
C 

27 READ (5.27) ITCASTlIJ,Tl6~IJ,TEXITOr X=1,12) 
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28 27 FCRHAT (3F13.01 
C 
C WRITE OUT ALL FlAk DATA 
C 

2s IF(IPRINT.NE.01 WRITE (6,9001 
30 rJRITC (6,4OJ ( lRN( I), 1=1,41 
31 40 FORMAT (lOX,‘9 Y’ 5: ‘4A2r’ *** DISCRETE kOLE RIG ++* NAS-3-14336’ 

1 t 13X, ‘STANTON NUMBER CATA ‘/J 
32 WRITE Iti, (KCMMhT( IJ 9 I=Ir40J 
33 6 10 FORMAT 14~7X,40A2 /J 
34 IF (IPRINT.E4.0) GO TO 7772 
35 kRITf (6.45 J 
3t 45 FOGMAT I lDX,‘UNI.TS: PAMBtOEG FJ ,PAMB(IN HGJ, RHUMtPCtJ’/l7X, 

1 ‘PStATtIN H20J, TRECOVfHVJ, POYNtIN H20Jr KVO(IK:lr TPLATE(b’VJ’/17 
ZX,‘TGAStMVJ, QOOT(kdTTSlr SAFR(YVJ,HC(HVJr CI(MVlr TkEA?(MVJ’/J 

37 wRITE (6,SOJ TAMBt FAM9rRhUH~THEAT 
3E 5i) FORMAT (13X, ‘TA’dE=’ Ft. 1,5X,’ F4HB=‘F6.2,5X, ‘RELhUb’=‘FS.lr6X, 

1 ‘Tt;ATER=‘F6.2/) 
35 kRITE (iz.601 PSTA~,TRECC’J,FD~~N~XVG 
4c t0 FO!=MPT (IdX, ‘PST 4T= ‘F6.2 ,5X, !TRECCV=‘F6.3, SX,‘PCYN=‘F6.3,5X, 

1 * XVC=‘F6.2//) 
41 WRITE (6r7CJ 
42 70 FORM PT I 10X ,‘PLATE’ ,6X, ‘TFLATE’,6Xs ‘TG4S’ ,6X,‘-QOCT’r4X,‘VAPIAC’( 

1 SX,‘SAFLOti* ,5X, ‘CCRRE~~T’,6X~‘TCAST’~5X~‘TI6’~~~,’TEXIT’/J 
43 NPl=l 
44 MRITE (6.75) ~Pl,TOtlJ ,Q(lJrVARIlJ,TCPSTtlJ 
15 75 FrlRHAT (10X,.I3,7X,F7.3,13X,F7.2,3X,F7.1~ 27XqF7.3) 
4t ‘WRITE (6,801 ~I,TO~IJ,TGLIJ,C~IJrVAR~Il~SAFR~IJ~CI~IJ~TCAST~IJ, 

1 Tlo( I J,TEXIT( I I, 1=2,12) 
47 80 FORMAT (13X, 13,7X,F7.3,3X,F7~3,3X,F7.2*3X,F7.1,3~,F@.3,3X,FB.~, 

1 5X,F7.3rFS.3,F9.3) 
4E WRITE(bt71) 
49 71 FOR~AT(/r13X,‘PLATE’(6X,‘TPLPTEg,6X,’HM’J 
50 ~RITE(6,72)(1,TOIIJ,HM(IJ,I=~j,45J 
51 72 FDPYAT(ljX,I.3,7X ,Fi.3*3XvF7.3J 
52 7772 COLTIYUE 

C 
C DATA CllbVfRSI ‘314 FLOCK 
C 
C CCYVFQT ALL TFYPERdTURES FRCb’ MV TO DtG F 

53 TR EC CV=TC (TRF COVa J 
54 TtiEAT=TC (?I-EATJ 
55 DO SJ T=l, 52 
56 TO(IJ=TCITC(Ill 
57 Ti (I J=TC(TG( It 1 
58 TCAST( I J=TCt TCAS: (I) ) 
5s Tl6( IJ=TC( T16(1 J J 
ta TEXIT( I )=i’C( TEX IT( I J 1 
Cl SC CONTINLS: 
cj2 DO 91 1=13,45 
t3 91 TOtI J =TC(TCt 1) J 

C PLATE AREAS 
64 A=18.*l,SbE750/14C. 

C H3LE AREP. 
tC AH=(3.141593*iJ.606*0.406*0.2~J/l44. 

C COYPUTE WII\‘I) TUhbZL FLOk CONCITIOhS 
tt CALL TUNNEL 

C COMPUTE SECONDARY AIR FLCW RATE 
67 CALL.. FLOW (IOEYXOR I 
6E IF (KEFFCR.GT.0) RETURh 
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II’ i 9; 
.-s l,!T C CCMPUTE 9ECONOAR.Y AIR FLOL TEMPERATURES AND QFLOk LOSS 
‘6. 69 CALL TLEFF 4 CFLOWJ 

C COMPUTE NET ENEQGY TRAhSFER FRCM TEST SECTICh AND RECOVERY 
C REGION 

70 CALL POWER f.TIPF rQFLOW,AJ 
C 
C YRITE ALL CONVERTED DATA 

71 IF L IPRINT.EQ.OJ GC TO 1108 
C 

72 WRITE (6rblOJ (KOMMNTL I) , 1=1,4OJ 
73 WRIT E ( 6rl OQ J 
74 lg0 FORMAT L//,lOX,‘UNIlS: TPLATE(DEGFJr TGAS(CEG FJ, PDCTLWATTSJ,‘, 

1 /17X,‘SAFLOW(CFMJrCFLLX(@TL/HR/S4FTJrTEFF2~OEG FJ’/J 
75 URITE L6r102J 
76 102 FORMAT IlOX,‘PLATE’16X, ‘TPL4TE’r5X,‘7EFF2’,5X,‘ll6 ‘,bX,‘POCT’, 

1 tX,‘QFLUX~tbX,‘SAfLOC’r6X,!TCAST’,6Xr’TGAS’,6X,‘TEXIT’, 
2 6x9 ‘TCAV’/ J 

77 WRITE l6rlOSJ NPl~TO~lJrO(lJ,QDCT~lJtTCAST~lJ,TCAV~lJ 
78 105 FORMAT{ lOXtI3,7X,F7m1,23X1F7A2+ 5X,F7.2~14X,F7..L ,2OX,F13.11 
79 WRITE (6,llOJ ~I,TO~IJrT2~IJ,Tlb~IJ,O~IJ,~COT~IJ~SAFR~IJ, 

1 TCASt~IJ,TG~IJrlEXIT~IJ,TCAU~IJ, 1=2,12J 
80 LlO FORHAT~10Xr13,7X,F7.1r3XrF7.lr3X,F7.l,3XrF7.2,5X~F7.2,1X,F8.2r 

1 5X1F7.lr3FlO.l J 
:’ 81 WRITE (6t106J 

82 106 FORMA~(/,lOXt’PLATE’,6X,‘TPLrtTE’r6Xr’~M’r5X,’QFLUX’/J 
83 WRITE(br107J ~I,TO~IJ,HM~IlrCDOT~IJ,I=l3~3~J 
84 
85 

I.07 ;O;;;T (LOX, 13.7XvF7.3 r3X,F7 r3r 3X1F7.21 

085 WZITE (6,108) I.TOL45J 
0i lt8 FORMAT (lOXrI3,7X,F7.3J 

C 
C CUHPUTE STANTON KU CBEP 

BE 11E8 CONTI;YUE 
65 XVI=X~1J-XvO-1.O 
9c IPD=5 
51 IF (KY.EQ.1) IPD=lO 

C X REYNOLDS NUMBER @ASEE ON VIRTUAL ORIGIh T8L 
92 201 FACT=UINF/(VISC*12.J 
93 DREX=F ACT* CXVO 
94 DO 210 I=1936 
95 210 REX(I) =FACT*(XI IJ-ZVOJ 

C CCHPUTE STANTON NUH@ERS 
96 DEhtlP=RHCG*UINF*CP*3600. 
97 DO 223 1=1,3t 
9E ST(IJ=CDCTlfJ/lDEYCC*(TC(II-TADIAB)) 

C DSTIIJ: UNCERTAI.hlY I N ST (I J 
C DP : UNCERTAINTY IN HANCCETER PRESSURE , IN H20 

9s oP=c*occ 
C CT: UNCERTAINTY IN TEMPERATURE, F 

1oc OT=O. 25 
10 1 DST~IJ=STiIJ+SORT~DCDOT~IJ*DCD~T~IJ/~CDO7~IJ~~DCT~IJJ+DP~DP/~4.* 

lPDYN*PDYNJ+OT*DT/(~TO~IJ-TINfJ*tTOLIJ-TINFJJJ 
102 220 CONTINUE 

C CCHPUTE DEL2 ANC RECELZ @AfED ON ACTUAL Sl-CA?A 
lC3 CALL ENThAL (FACTrSlrREEhrENCZJ 

C 
104 IF I IPRINT.ECJ.OJ GO TO 3310 
105 WRITE (6,900) 
lot HRITE Ibr4OJ LNRNL IJ, 1=1,4J 
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101 
1oe 

116 
117 
118 

119 
12C 
121 
122 

123 
124 
125 
12t 
127 
12E 
129 
130 
131 

132 

1,: 

1;; 
135 
136 
137 
138 
135 
14c 
161 

142 

11:: 
145 
146 
147 

148 
145 
150 
151 
152 
153 
154 

3cc 

TACBC=5.*JTADIAB-32.1/S. 
fINFC=5.*(TTNF-32.1/g. 

U INFHS=UINF*0.3048 
XVOcH=X v-21 54 
RHCKM3=RHOG*16.02 
VISCI=V 1sc*a*o92 9 
CPJKGK=CP*4184. 
WRITE (6,300J TAD8C,UINFHS,TINFC~RHOKJ’3~VISCI, >VOCM,CPJKGK,PR 
FOPMAT(lOX e’TADB=’ FC.2 e’ DEG C UINF=‘FLZ.Z,’ C/S TINFr’F6.2 

1’ OEG C’/lOXv ‘RHCI=‘FI. 3s ’ KG/H3 VISC=‘E12.5,’ MZ/S XVC=‘F7.1 
2 ’ CM’/lOX,‘CP=‘F8.O, ’ J/KGK PR=’ Fl4.3/ J 

WRITE (6.6ODJ IKClMCFTIIJr I=lr401 
600 FORMAT 110X ,43A2/ 1 

3 3 10 CONT INUE 
C IF ZND PLITE I’AS NO SECCNDARY INJECTION , THIS PRCGRAM ASSUMES THAT 
C IT IS A HO-BLOWING CASE. 

IF (SML2J.EC.0.J GO TO 400 
IF lIPPINT.EC.OJ GC TO 345 
WRITE (6,310J 

360 FclRHAT( lOX’PLATE’r3X’~X’rSX’REX’ ,9X’TO’r6X’REENTl-‘r7X’STANTOK NO’, 
1 6X’DST’,GX’UREEN’ ,4X’ J” ,4X’E’ r6X’T2’,2X’TFETA r3X’CTH ) 

XCP=X( 1 J’2 -54 
TEHPC=5.*LTC( 1 J-32. J/9. 
WRITE (6,320) NPlrXCN~REX~l~rTEMPCrREEN~lJ,ST~l~,DST~l~,DRE~~~l~ 

;20 FORMAT~lOXI3r2XF5.ltlXEl2.5~lXF6.2,2~2XEl2.5~,2X~5.3,2XF5.O~ 
w 340 I=2112 
XCM=X( I Ja2.54 
TEHPC=5.*ilOtIJ-32.)/g. 
TEMP2=5.*(T2( II-32. J/9. 
WRITE 10,330) I ,XCCrREX(IJrlEMPCrREEN~IJrST~IJ rOST( IJrDREEh(IJ, 

lSM(I~,F(IJ,TEMP2,T~~IJ,DT~(IJ 
333 f0RHAT~10XI3,2XF5.1,1XE12.5,1XF6.2,2~2XE12.5J,2XE9.3,2XF5.0,2XF5.2 

lrF7.4, F6.21F6.39 2XF5.3 J 
34C CONTIN bE 

DO 341 1=13,36 
XCM=X( II*2154 
TECPC=5.+(TOIIJ-32.)/g. 
KRITE (6.3311 IrXC~,~EXII~rTEMPCrREENIIJrST~I~,DST~IJrDREEFII~J 

311 FORMAT(lOXI3,2XF5. lrlXE12.5, lXF6.2,2(2XE12.5J,2XE9.3,2XF!j.BJ 
341 COhT INUE 

WRITE Lt.3341 DREXtCF 
334 FORMAT (/12X, ‘U:dCERTAINTY IN REX=’ ,F6.0,9X ‘UhCERTAINTY IN F=‘,F7.5 

1,’ IN PATIO’1 
GO TO 345 

C 
C STORE FLATPLATE EXPERIMENTAL DA?4 FOR STANTCN NUMPER PATIO 
L 

4CC DO 401 I-1.36 
STNOBI I J=ST( I J 

401 CONTINUE 
w9 ITE (6,419) 

410 FORMATt 10X’PLATE ’ ,3$‘X’,5X’REX’r9X’TO’,6X’REENTle’,7X’STANTON N3’, 
1 6X’DST’rbX’DREEN’ ,5X ,‘ST(THEOJ’,6X, ‘PATIO’) 

DC 423 1=1,36 
STT=.0295*PR**t-.4J*LREXtIJJ**l-.2J 
IF ~L.EG.1~STT=STT*I1.-~XVI/~X~IJ-XVC~J**.9J~~-1./9.J 
RATIC=ST(IJ/STT 
XCH=X(I J*2.54 
TEHPC=5.*(T’J(I)-32.)/g. 
hRITE (6,43&l) I ,XCC,REX~IJ,1EHPC,REENo,DST~IJ,DST~I~,DREEN~IJ, 
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155 

156 
157 
1CE 

155 

160 
161 
162 
163 
164 
165 
166 
167 
16E 
a69 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 

181 
182 
183 
184 
185 
186 
18i 
188 
18s 
19a 
191 
192 
193 
194 
195 
196 
197 
19E 
199 
200 
201 
202 
203 
204 
205 

1 STT,RATI C 
430 FORIYATL~OXI~~~XF~. l,lXE12.5,1XF6.2r2(2XEl2.5J,2XF5.~~ 

1 E15.5 rF9.3) 
420 

c 
C 
C 

345 
C 

350 

351 

352 

353 

354 

C 
C 
C 

360 

361 

CONTINUE 
IF (IPRINT.EQ.OJ biRITE (6,9COJ 
GO TO 5 

STORE VALUES FOR TH=O 
IF IKT.EQ.ll GO TO 160 

DO 351 I=lr12 
SMCl I l=SH~I I 
FO( I J=F t I J 
THOIIJ=TH(IJ 
DTHOlI J=DTHlIJ 
STOl IJ=ST(I J 
DS701IJ=DST[IJ 
REXO(IJ=REXlIJ 
CONTINUE 
DO 352 1=13,36 
STD( Ib=ST(Il 
DSTO(IJ=DST( II 
REXO(I J=REXiIJ 
CONTINUE 
FACTO= FACT 
DFC=DF 
DO 353 1=1.4 
NRNO( I l=NRN( I ) 

DO 354 I=1940 
KOHNTO (I J=KOMMNT (I 1 
GC TC 5 

COMPLTE STANTON NUMBER AT TH=O AND TH=l BY LINEAR SUPERPCSITICN 

FA WO=O. 
FAV=O. 
THAVO=O. 
THAV=O. 
DO 361 I=2,12 
THAVO=ThAVO+THO( I I 
THAV=THAV+THi I J 
F4VO =FAVOtFCI I I 
FAU=FAVtF( I) 
CDNTJV LF 
THAVO=(ThOLll J4THOL12J J/2. 
THAV=(TH(llJ +TH(12JJ/2. 
FAVO=FAVO/ll. 
FAV=FAV/ll. 
FBAV=. 5*JFAVO+FAVJ 
STCR(lJ=STOIlJ/STNO@(lJ 
STHR(ll=ST(lJ/STNOB(l) 
STHRBtl J=STHRL 1) 
THJl J=TH(2J 
THO~lJ=THO(21 
DO 362 I=2112 
DENOM=(THLI~-lJ+THII)J/2.-ITHe(I-1J+THCII)l/2. 
STS(IJ=(STO( II-STIIIJ/DENCIM 
DNUH=(THO(I-lJ+THDJ IJJ/2. 
STCCLl I J=STO (1 J+ DNUH*STS I I J 
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206 
2C7 
2c E 
209 

210 
211 
212 

213 

214 
215 
216 

217 
21.5 
219 
L2C 
221 

222 ‘..? 
;;i 
225 
226 
227 
228 
225 
230 
231 

232 
233 
234 

235 

236 
237 
238 

239 
24t 
241 

242 
243 
244 
245 
246 
247 
24f 
249 
25C 
i51 
252 

DNUM=lTH(I-1 J+TH(IJ J/Z.-l. 
STHOTlI )=STlIJ+DhUfi*STS(IJ 
FBfIJ=D.5*~FD~IJ+FIIJJ 
ETAlIJ=STSlIJ/STCOLIIJ 

C COMPLTE STANTON MJb’eER RATIC FOR TH=l 11 F L=2 USE FLAT PLATE 
C EXPER IHENfAL DAT Al 

IF lL.EQ.ZJ GC TC 374 
STNOBl IJ=.0295~WR*~4-.4J*lRE1~I.JJ**~-.2J 
IF (L.EO.lJSTNOBlIJ=STNO~lIJ~~l .-(XVI/(X(1 J-XVOJJ**(O.9JJ** 

11-l-/9. J “. 
374 STHR(IJ=STW3TlIJ/SThOBlIJ 

C COMPUTE STANTON NUlrEER RATIO FOR TH=O IIF L=O USE FLAT’PLATE 
C EXPERIMENTAL DATAJ 

IF (L.EC.ZJ GO TO 375 
STNOBlIJ=STNOBlIJ*IREX~IJ/REXO(IJJ**~O.2J 
IF (L.EO.lJSTNDB(IJ=SThCt-?~IJ*~l .-(XVI*FACTO/REXDt I J J**( O..9J J** 

l(-1./9. J 
375 STCRlI J=STCOLtIJ /STNOB(IJ 

STSR (1 J =STHOT( II /STCCL(I J 
RHCOLl I I=FOt I J/STCGLl I J 
BHOTtIJ=F( IJ/STHCT(IJ 
STSF~IJ=AL0Gl1.+BHCT~IJl/BHDT~IJ 

C CORRECT STANTON NUMEER RATIO FOR TH=l TO CGHPARAE!LE TRANSPIRATIDN 
c CASE USING ALCG( l.rEJ/@ EXPRESSION 

STHRElI J=STHRtIJ /STSFl IJ 
SfSRlIJ=STSRlIJ/STSF(IJ 
SFlIJ=FlIJ*STHOTlI J 
SFO(Il=FOlIJ*STCDL~IJ 

3 62 CONTINUE 
DO 363 I=13936 
STS(IJ=dSTOlIJ-STf IJJ/lTHAV-1HAVOJ 
STCOLl I J=STo 1 I J+:THAVO*SfS ( I J 
STHOTl I J=STI.I J+( MA+l.OJ*STSt I I 
ETAlIJ=STSI IJ/STCOL(IJ 

C COMPUTE STANTON NUMBER RATIC FCR RECOVERY REGION, Tl-=l 
IF (L.EO.2) GO TO 372 
STNOElI J =.0295*PR**(- .4J*1REXlIDJ**t-.2J 
IF ~L.EO.lJSTNOBlIJ=STNOBlIJ~~l .-lXVI/lX(I J-XVOJJ**lO.9JJ** 

11-l-/9. J 
312 STHRtI J=STHOTlIJ /SThOBtIJ 

c COMPUTE STAhTCN hUM@ER RATIO FOR RECOVERY REGICh, TH-0 
IF lL.EC.2) GO TO 373 
STNOBlI J=STNOB(LJ*(FEX~IJ/RE10o)*+(0.2J 
IF lL.EO.lJSTNOBlIJ=SThCfl~IJ*ll.- lXVI*FACTD/REXOt I J J**( 0.9) J** 

l(-1./9. J 
373 STCR~IJ=STCOLlI l  /STNOB(IJ 

STSR(I J=STHOT(IJ /STCCLlI J 
363 CONTINUE 

C COYPUTE DELL ANC RECELZ EbSED ON ST-DATA AT Tk!=O AND TH=l 
STCOLllJ=STO( 1) 
STHCTll J=ST(lJ 
STS( lJ=STO(lJ-STllJ 
DO 370 I=lrlZ 
FHII)=Fl IJ 

330 THl I J=l .O 
CALL ENTHAL lFACT,SThOT,REhHET,ENDtJ 
DO 450 I=1912 
F(IJ=FO(IJ 
TH( I J=O. 

450 DT Ht I J =DTHO( I J 
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253 OF =DFO 
254 00 460 I=lr36 
255 4bO OST(IJ=OSTC(IJ 
256 CALL ENTHAL (FAtTOrSTCCLrRENCOLrEND2J 

C 
257 IF (IPRINT.NE.11 GC TO 462 
25E WRITE (6 r900 J 
259 WRITE 16,4OJ lNRN0 (II, I=lr4J 
260 WRITE (6.610) (KCHhTC( I J , I =ar40J 
261 WRITE (6940, (NRN(IJr I=1941 
262 WRITE lbr6lDJ lKOM)rhT( IJr I=lr40J 
26 3 4t2 WRITE (6.371) (NRNO(IJ. I=lr4Jr(NRN(IJr X=1.4) 
264 371 FORMAT (iOX,‘LINE4R SUPERPCSlTiON IS APPLIED TO STANlON NUH@EP’, 

1’ DATA FPOH’/lOX ,‘RUN hUJ‘BERS ‘r4A2,’ AN0 ‘r4A2,’ TO OBTAIN’ 
2.’ STANTCN NUMBER CCTA AT TH=O AN0 TH=l’/J 

265 MRITE(6.3641 
26t 364 FDRHAT (/,.7X,‘PLATE’ .3X,‘REXCCL’e4X.‘RE OELZ’r3X,‘ST(TH=OJ’,4X, 

l’REXHM’,4X,‘RE DEL;‘, 3X,‘STtTH=lJ’r4Xr’ETA”,4X,‘STCR’,4X’F-CflL’, 
25X’STHR’ r4X!F-HOT’ ,4X,‘LOGB’ /I 

267 WRITE(6.365) (I.rREXO( IJ,RENCOL(IJrS7COL(IJ~REXlIJ,RENHOT(IJ, 
1ST~OTlIJ,ElA(IJ,.STCF~IJ,FC~IJ,STHR(IJ,FH~IJ~STHRE~IJ~I=l~l2J 

26.5 365 FORMAT~l13X,I2~2L2XFS.lJ~lXF9./J,l~F9.6~2l2XF5.3J,2XF7~4, 
lZXF7.3,2XF7&4*F8.3 J J 

265 WRITE( 6,366) (I rRELOlIJrRENCOL(IJrSTCOL(IJ.REX(IJ~REhHOTlIJ, 
1STHOT(IJrETAlIJ,STCR(IJ~STHRII),I=l3,36J 

27C It6 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
1) I 

271 IF (L.EO.0) WRITE 1615C5J 
27i 505 FORMAT (//,10X, ‘STAbTON NUMBER RATIO EASED Ck ST*PR*+0.4=0.0295*RE 

lx**(-.2 J’ I 
273 IF (L.EO.1) WRITE (6,510) 
274 510 F3RMAT (//,lOX,‘STAhTOk KUMBER RATIO @ASEC ON ST*PR**0.4=C.C2’?5*RE 

lx**(-.2 J.@(l..- (XL/( x-xv01 b**Jis1**(-1./9. J’L 
275 IF (L.EC.ZJ ARITE 16,515) 
276 515 FORMAT (//,lOX,‘STAhTCh hUCBER RATIO @ASED ON EXPERIMENTAL FLAT PL 

1ATf VALUE AT SAME X LOCATION 0 
277 kR ITE ( 6,520) 
278 520 FORMAT (//,lOX.‘STAhTON hUMBER RATIO FOR TH=l IS CONVERTED TC CCMP 

1ARABLE TRANYPIRAYICh VALUE ‘/1OX,‘USIhG ALCCll t @J/E EXPRESSION I 
2N THE BLGWN SECT ION’) 

275 IF (IPRINT.EC.OJ WRITE (6.900) 
280 GO TC 5 
281 2000 WRITE 16e9OOJ 
282 SC0 FORMAT (1HlJ 
283 RETURN 
284 EN0 

285 FUhCfICN TCIT J 
C FUNCTION CONVERTS TECP FRCM IRON-CONSTANTAN MV TO PEG F 

286 T!‘=-2220.703t781.25+SQRT(7.950782+0,256*TJ 
287 TC=TM+~~.~~-~.~~E-C~*T~-.~~E-D~*TH*TM 
28E RETURN 
239 EN0 
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290 SUBRtXTI NE TUNNE L 

THI S POLTINE COMPUTES THE WIND TUNNEL FLOk CONCITIONS 

UINF FREE STREAM VELECITY tFl/SECJ 
T INF FREE STREdH STATIC TEMPERATURE (OEG Fl 
RHOG FREE StREACl DENSITY 1L BM/FT 3 
VI SC FRE E STRE AP KIhEMATIC VISCOSITY (FTZ/SEC) 
CP FRE E STREAM SPECIFIC HEAT (BTU/LBM/DEG RJ 
PR FREE S’IREAH PR A)iDTL NUMBER 
w FREE STREAM ABSCLUTE HUMIDITY lLBM HZO/LBP DRY AIRi 

291 
292 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
c 

COMMON/ @LKl /PAMB,PSTAT,TREOOV,RHUMrPOYN 
CO)rMCN/ BLKZ /lJINF rTINf*TACIAB, RHCtGrVISCrPR,CP rW 

29 3 
254 

295 

2Ct 

25; 
29E 
255 
3OC 
301 
3Ji 
303 
304 
335 
306 
337 
308 
30s 
310 
311 
312 
315 
314 
315 
316 
317 
318 
319 
32C 
321 
322 
323 
324 
325 
32t 
327 
328 
325 
330 

C 
.33 1 
332 

SATURATION DATA FREF K AND K 1969 STEAM TABLES 
DIMENSION TEdP(10) ,PSAT(lO)rRHCSAT(lO) 
DATA TErdP/ 40.. 50.01 60.0, 70.0, 80.0, 

1 90.0* 1oo.c. 110.0, 120.0 * 130.01 
DATA PSAT/ 17.519, 25rt36, 36.9C7, 52.301, 73.051, 

1 100.627, 136.E43, lE3t787, 244.008, 320.400/ 
DPTA RHCS.AT/ .OJC4390, .00C5868, .@008286, .0011525, .OOlfE03, 

1 .0021381, .002f571r .0017722, .0045261r .0463625/ 
REAL NU,MFA,YFV,~‘~~A~CYVIJF 
TAMB=TRECOV 
DO 1C N=lr9 
IF(TEMP(Nf.GT.TAMdJ GO TC 20 

10 CONTINUE 
20 T = TEMPtNJ 

EPS = T - TAYB 
VAPH = PSAT(N) 
V4PL = PSPT (N-1) 
VEPS = VAPH - VAPL 
RHGH = RHOSAT 
RHOL = EhCSATtN-11 
REPS = RHOH - RHOL 
RHCG = PHOL + (10.0 - EPS)*REPS/lO. 
94=1545.32/2f.S7C 
PG = VAPL + (10.0 - EPS)*VEPS/lC.O 
PUNITS=2116r21/33.S32/12. 
P=PAHB*211tr21/2S.SZl3 + FSTAT*PUNI TS 
RHbM=RHLY/lOO. 
PVAP = RHUM*PG 
PA = P - PVAP 
PI-i04 = PA/(RA*(TAMB + 459.67)) 
RHCV = PHUM*RhOG 
W=RHOV/RHt-lA 
RHtM = RhDA + RHDV 
HWA = 28.970 
MWV = 18.31C 
MFV = RHOV/RHDH 
MFA = 1.0 - WV 
RM = 1545.32*(HFA/MH4 + MFV/CHVJ 
CP = HFA*0.240 + MFV*O.445 
GC=32.1739 
JF=778.2t 
RCF=0.7**0,33333 

RECOVEPY FACTOR FOR WIRE NORMAL TO FLOH 
RTC=0.68 
RHCG=(P/RM+POYN*PUNITS*RCF/~CP~JF~~/~TRECOV+459.67~ 
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333 
334 
335 
33t 

213 
;;a 
335 
343 

341 

34 2 
343 
34:4 
345 
34t 
347 

34.5 

345 
350 
351 
352 
353 
354 

355 
356 

257 
353 
355 
36 L) 
361 
362 
3b3 
3c4 
365 
366 
367 

3bE 
36s 
37C 

371 
372 
373 

C 

C 
C 

LJI~F=SQPT~~L*GC*PDYN*PUNITS/RHOGJ 
T INF-TRECOV-RTC*UINF*UINF/t2.*GC*JF*CP J 
VISC=(l1.+0c0175*TIhFJ/( l.EOt*PHoGJr(l.-.7*WJ 
PR= .710+(530./ITINF.+459.67J )**I .lJ*(l.+. S*kJ 
NOTE FOR HIGH VELDC!TY THIS FOUTINE SHOULG BF ITERATED 

CCNVEPT TO ACIAEATIC kALL TEMPERATURE 
RCF=PR*+0.33333 
TAOIAB=TINF+RCF+UIhF+LINF/~2.*GC*JF*CPJ 

RETURN 
END 

SUBRCUTINE FLOW.(KERRUPJ 

THIS ROLTINE COMPUTES SECENDARY AIR FLOh RATES 

SAFRLIJ SECONCARY AIR FLOY RATE C@RPECTEC FOR TEMPERATURF 
AND HUYIDIY LCFMJ 

COHMCN/ BLK3 /PAMk,PSTAT~TRECOV.RHUM,FDYN 
CCMMON/ BLKZ /UINF,TINF,TAOIAB, RHDG.VISC,PR,CP rW 
COHHCN/ BLK3 /SAFR(l2J ,CI(l2JrSYLlZJ,F(12J ,KC,Ah,TkE4T 
COhMCN/ BLk4 /TO (45 Jr T It (12) .T2( 121 ,TC4STI 12 Jr TCAVllZJ *TH L 121 
DIMENSION X~5JrY~SJ,B(4J,FCC~~2),tMo 
DATA FMC/ 1.0. 1.22, .Sir .SE!E, .92E, .90br .907 * 1.01, 

1 .91B., .90 1, .920* .929/ 
CAL I @R AT IDN CURVE DATA 
DATA X.Y /O-35( 0.90. 1.12. 1.35, 1.5, 

1 53.c. 4.05. 2.001 1.03, 0.69/ 
KEPROR=O 
DO 1C 1=1,4 

10 B~IJ=4LCG~YLIJ/Y(I+1Jl/ALOC~~~IJ/XLI+lJl 
FACi=1.0+0.22*W 
DO 20 x=2*12 
IF (SAFR(1JrEC.D.J GD TO 20 
TN IS ESTIMATE DF SECChDARY AIR TEMPERATURE AT FLCWIUETER STA’IDY 
fM(IJ=.5*(T16(IJ+Tl-E4TJ 
SAFR(IJ=SAFR~IJ*(I(TY(I)+459rb7)/533.)**~.7J~F4C-f~~3O.~~~/CI~IJ~~~? 

1 *FKc( IJ 

1cc 
200 

CDNTINUE 
F4Cf=1.0+0.7*W 
DO 40 1~2.12 
IF (SAFR(IJ.EQ.0. J ED TO 40 
IF ~5AFR(IJ.LT.X~1J.OR.SAFR~IJ.GT.X~5lJ ED TC 100 
DD 30 K=lr5 
IF LXLKJ.GT.SAFR(IJ) GO TO 35 
CONTINUE 
Z=YIK-lJ*LSAFR(I J/XIK-lJJ**BIK-1J 
SAFRLIJ=Z/(L530./(7C(I )+455.&l) J++0.7bJ/FACT 
CONTINUE 
hGTE UNCERTAINTY CALCULATICK FOR FLDWRATE COMPUTED IN 
SUBROUTINE TZEFF 
R ETURY 
WRITE (6.2001 SIFRLII 
FORMAT (lOX,‘FL~3WHElER READING OUT OF RAhGE. ECF=‘E12.5,//10X, 

1 ‘DATA S&T RE-CUCTICh TERRIh4TED’J 
KERROR= 
RETURN 
t ND 
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:,i 4 

3”‘; 
31t 
177 
‘I“1 
319 
38C 
118 1 
382 
48 I 
3ait 
38: 
3ee 
31’ - 
333 
389 
l,(~G 
5’91 
292 
T9? 
.‘b$4 
395 
39t 
35 7 
390 
39” 
40 J 
401 
4i i 
4'J'l 
4J4 
4c5 
,d/ c 
i’l7 
4ce 
‘ID9 
*tLO 

41 1 
412 
41.1 
4’.11 
415 
41t 
f, ‘, 7’ 
+i0 
419 
420 



421 KFL( I J=0.0080*SAFR~~IJ**0.75-31*HOLE9 
422 KCONVI I J=O.O170*S4FR( I J+*0.6388*HOLEE/FACT 
423 GO TO 26 
424 24 KFL( I J=O .OlZ+SAF R(I )**O. 5748*HOLE9 
425 KCCNVIIJ=O.D27cSAFRIIJ**O.4386*HDLEB/FACT 
426 26 CONTXNUE 

cc EFFECTIVE ‘12’ ,AKD ’ CFLPC’ A 
427 DO 30 I=iplZp2 
428 IF (SAFR(IJiEO.D’.J GO TO 31 
429 IF LKH.NE,lJ GO TO 33 
43s HOLE9=5. 
411 IF (I.E0.4.GR.I.E’J.8.OR.I.EO~l2J HOLE9=4. 
432 33 SAFR( I J=SAFR( I J*HOLE9/9. 
433 TEAR=LTOIIJtfCAV( I-.JJJ*O.5 
434 IF (I.EQ.2) TBAR=TOLIJ 
435 IF (I.EQ.2) KCONV(II=KFL(Il/FACT 
436 T2(IJ=Tl6(IJ+(TBAR-Tl6~IJJ*Ll.-EXP(-KCONV~ IJ/SAFR(IJJJ 
437 
438 

~~L~~(~~=KFC~IJ*(‘fOIII-T2~111 

43s ill TZ(I J=TO(I J 
440 OF LOk( I J=O. 
441 30 C3NT IN UE 
442 DO 40 I=3r12,2 
443 IF (S4FR(ILiEQ.3.J GO TO 41 
444 SAFR(I J=SAFR( IJ*HDLE8/9. 
445 TBAR=IlO(I J+TCAV( I-1J J+O.5 
446 IF I I-EC.3 J TBAR=TO(IJ 
447 T2IIJ=T1CIIJ+iTBAR-ll6~IJJ*~~.-EXP(-KCONV~ IJ/SAFR(I 1)) 
448 OFLOti( IJ=KFL(IJ*(TC(I)-Tit I1 I 
449 GO To 40 
450 41 TZLI J=TO(I J 
451 OFLOkL I J=O. 
452 40 CONTINUE 

453 
COMPUTE THET9=ITZ-TIYFJ/lTO-TINFJ 
TH(ll=d. 

454 DTHL 1 J=O. 
C DT: UNCERTAINTY IN TEMPERATURE, F 

455 DT=0.25 
C DT2, UkCERTAINTY IN T2, CEC F 

456 DTi=J.5 
457 DO 200 I=2 ,lL 
458 TH( IJ=l r2l I J-TINF) /(TO II J-TINFJ 

C DTH(IJ: uHCGRTA IYT Y IN THI I J 
459 2LO DTH( I)=SQRT(DTZ**Z+(TH(I J*Of 1**2+((1 .-TH (I J l+CTJ**ZJ/(TOI I J-TINFJ 

C 
460 FACT=At/(2.*2./144.1 
461 IF (KH.EQ. 1) FACT=AH/I 4.*4./144-t 
462 co 50 1=2r12,2 
463 IF 1KM.NE.l) GO TO 48 
464 hCiE9=5. 
465 IF ~I.E0.4.0R.I.EP.B.0R.I.EO~l2l hOLE9=4. 
46 6 48 F9=AH*60.*uI:JF*HOL E9*R I-OG 
467 RHOS=RHCG+~TINF+459.67J/~T2(tJ+45S.67J 
46@ SH( I J=SAfR L I J *RHO5 /F9 
469 F(IJ=SM(IJ*FACT 
470 53 CONTINUE 
471 F8=AHf60.*UINFfHilLE8*RHOG 
472 DO 60 1=3,11r2 
473 RHCS=RHCG*(fINF+:455..67J/(T2( IJ+45S.671 
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474 .SHL I I=SAFRII J*Ri’flS/FB 
475 

C 
476 
47i 
47E 
479 
480 

C 
C 

481 
C 

482 
C 

483 
484 
48 E 
486 

485 
C 
C 

488 
465 
490 
491 
492 
492 
494 
49 5 
496 
457 
498 
499 
5cc 

501 
5 12 

533 

534 

535 
536 
507 
508 
504 

510 

511 

512 

51: 
514 

515 
516 

F(IJ=SM( I)*FACT 
ADJLST F,TH FUR P/D:10 
IF (Kq.EQ.1) .FLI J=F(I-1) 
IF IKY.FQ.1) THL Il=THLI-11 

60 COhTINUE 
SM(ll=O. 
FL 11=3. 

DP : UNC,ERTA INTY IN MPNCMETER PRESSURE , IF H2D 
DP=O.dOB 
DSAFR: lJNCERTAI.NTY IN SECONCARY FLOk RATEtRATIO 
CSAFR=‘J 35 . 

OF: UNCERTAINTY IV F t RATIC 
DF-SBRTL DSAFRWSAF R+DP*DP/ (4.*PCYh*!‘DYNI J 
IF LSY(ZJ.EQ.O.dJ CF=O.O 
RETURN 
END 

SUBRIIUTIN~ C4VITY IKC,KR,KBP,TWl,TWlil 
Tt-IS 40UTI”IE CCIFPUTES lES1 SECTION CAV!TY TEb’FEPAlURES 

REAL KLrW,KBP 
COMMCY/ ELK4 /T3~451,TlC~12JiT2~12JrTCAS7Il2~,TCAV~12ft’FH~12J 
fCASTZ=TC4FT(21 
TCAST5=-TCASTL 5 1 
TCPSTB =TCAST ( B I 
TCASll=TC4 ST{ 11) 
DBPl=TCAST5-TCASTZ 
DBP2=TCPST&TCAST5 
DjRl=7CA5T(bJ-TCAST(31 
DSR2=TCAST(7l-TCA5TL41 
DBPl=TCAST(51-TCASTIII 
DBPZ=TCAST L 81 -TC PST (51 
TCAV( 1J=KL~~TC4Si~31-1./4.*DCrllltKK~~TCAST~4l-l./4.+C~~2~ 

1 tKBP*(TCASTIlJtT~ll 
TCAVL2 J=KL+TCASTL3ltKR*TCPST(4ltKBP*TCAST2 
TCLV~31=KL*~TC45T~3)t1./4.5*CSRl~tKR*!TCAST~4~t1./4,5~~DFP2~ 

1 tKBP* LTCAST 2tl. /3 .WB Fl I 
TCAV~4J=KL+(TC.~STL3lt2./4.5*CSRl~+KR*ITCA~T~4~+2./4.5’DiRil 

1 +KBP-( TCASTZtZ. 13. *LIB Fl I 
TCAVLS)=KL*(TCAST(3)+3./4 .5’CSRlJ+KRt(TCAST(4)+3./4.‘“DSRZ) 

1 +KBP*TCAST5 
TC~VI6)=KL*(TCAS~L31+4./4.5~CSRl)tKR*(TCAS?~4lt4./4.5~~SR~l 

1 tKBP*(TCAST5+1./3 .*CPPZ I 
DSRl=TCAST(SJ-TCASTL61 
DSR2=TC~ST~l:~J-TC4ST~71 
@BF3=TCA’ll-TCASTB 
TCAV~7~=KL*~TCA~T~61+0.5/4.5/4.5~DSR1JtKR*~TCAST~71tC~5/4.5~DSR21 

1 tKBP+ LTCAST5t2. /3.*ilBF2 I 
TCAV~8l=hL*~TCA5T~6~tl.~/4.5~DSRlJtKR*~TCA~T~7~tl.5/4~5~~DSR2l 

1 +KBF*TCAST8 
TCAV(9J=KL*LTC4ST( tJ+2.5/4.5*DSRll+KF*LTCAST(7Jt2.5/4.5*f?SR2J 

1 tKBP*LTCGTBtl. /3. *DBP31 
TCAVL 13l=KL*LTCAST(tJ+3. 5/4.5+DSRl)+KR*(TCAST(7J+3.5/C.5*CSPil 

1 tK@P*LTCASTB+2./3 .*DBP3 J 
TCAVL11J=KL*‘FCAST~9JtKR*TCASTT(1OltKBP*TCPS11 
TCAVL?2J=KL+(TCAST(6)+5.5/4 .5.“DSRlJ+KR*LTCAST(7lt5.5/4.5*DSR21 

1 tKBP* L fCAiT L 12) +Tlv12 I 
RETURN 
E Y 0 
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517 
C 
C 

SlJfJRCUTI~ POYER 1tINF~QFtOW.A J 

THIS ROUTINE : 

1lJ CORRECTS TJ-E INDICATED PLATE PDkER READING FUR 
WATTMZTER CALIBRRTION AND CIRCUZT INSERTION LOSSES 

12) CCWPUTES NET EhERGY LOST FROM PCAT ES BY FORCED 
CONVECTION HEAT TRANSFER 

13) CCMPUTES HEAT FLUX FROM RECOVERY REGION PLATES 

CDMMCNf 8LW /T0145JrT161I2~~12~I12J~TCAST1~2J,TCAV1171rTH1121 
CDMON/ BLK5 /RI 12 J ,HMl44J rVARl12J rQDOTl36 J 
CClHMCN/ ELK6 /DXVO~fEN02,DF,DREENl36J,DSTl36J,DOT(36J,DTHll2J 
REAL KLIKRwKBPIK 
DfHENSICh ROl12J’,Rt?Dll2J,RRl12J rRLODl12JrRWATl12JrRONll2J rRLl12I 
DI)+NSICN XBl121 &FLOW11 J rK139JrSl40J 

51.8 
519 
520 
52.1 
522 
523 

C 
524 

C 

C 

C 
525 

C 
526 

527 

528 

525 

530 

53 1 

532 

533 
534 

c” 
C 

535 
53t 

552 
C 
C 

539 
540 

CONDUCTIBN LOSS CONSTANTS FOR TEST SECTICN 
DATA Kf -27001 2.2705, A18519 .2800, .1781, .2763r 

1 -1760s .27t8, 417211 .2832, .1806* .2800, 
HEAT FLUK METER CALIBRATICN CONSTANTS NO 13-36 

: 34.001 2i.83r 34.04, 35.30, -35.049 27.559 34.04, 31.55, 33 29.tlr -64 p 32.25, 31.80, 
4 34.01, 24.24, 55.75, 29.30, 24.50, 31.46, 
5 34.069 39.,35, 32.739 23. CO, 36.27, 33.24, 

HEAT FLLM METER CALIBRATZCN CONSTANTS ND 106-108 
6 32.53~. 32.6 2, 364651 

AXIAL CCMIUCT ION LOSS CONSTANTS 
DATA S/ 1.200 , 11*2.3, -850 , 6.23, 4.962, 5.014* 4.965, 

1 5b118, 5.18 3r 4.777, 4.4949 5.480~ 5.020, 5.597, 
%254r 5.169, 5.254, 5.356, 5.211, 5.370, 5.583, 
4L 990r 5.435. 4. f72r 5.557, 5.545. 5.5859 

4 4t 983; 5.056, 6.34 / 
WATTMETER CIRCUIT RiZSISTAhCES 

DATA RO f 8.476 e 8.595r 8.500, 8.506, 8.4789 8.571, 
1 8.549 * e.t4i, 8.590, 8. t30, 8.481s 8.5041 

DATA R80 / 8.386r 8.5029 8.4269 8.418, 8.386~ 8.4719 
1 8.445r E. 574r 8.509, 8.528, 8.391* 8.393 f 

DATA RR / 0.0408v O-0541+ OmO406v 0.0411, 0.04139 0.0412, 
1 0.0410, 0.0415, 0.0409, 0.0409, 0.0406r O-0406/ 

DATA RLOC/ O-256, 8.331, 8.237, 8.22 19 Es.2391 8.269, 
1 8.227, 8.238, 8-250, 8.253, 8.240, 8.248f 

CATA RWAT/ 8,4001 8.484r 8.379, 8.367, 8r4C5r 8.429, 
1 8.422 9 a.54ir 8,544, 8.413. 8.3@6* 8.411 f 

DATA RON f 8.3139 8.3879 8.281, 8.282, 8.316, 8.335, 
1 8.330, 8.455, 8.451, 8.428~ 8’.296, 8.2911 

DATA RL / 8.077 9 a.i57* 8.057. 
1 8.057, 8.067; 

8.047, 
8.‘037r 8. C771 

8.067. 8.087r 
8.057, 8.057/ 

DATA X8 / 12*0. / 
DATA RA, XA,RV,RUMf 0.064, 0, G63, 7500.0( 5300.0/ 

THIS BLOCK CORRECTS INDICATED WATTMETER READING USING 
WATTMETER CAL I BR AT1 CN ECUdT ICN 

DO 10 I=lrl2 
QP=Q 11 J /75- 
QCDR=QP* tO.R728*QP-A.O427*CP*QP-0.0292) 
QCCR=0.99’WlI J+Cl CDR*75. 

THIS BLCCK CRRRECTS FOR WATTMETER INSERTION LOSSES 
VARR-RRlIJ*UARl I) 
SUHRO= RO 11 J + VARR. 
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541 
542 
543 
514 
545 
54t 
547 

546 
C 
C 
C 

549 
550 
551 
552 
553 
554 
555 
556 
557 
558 
555 
56;o 
561 
5t2 
563 
564 
565 
566 
567 
568 
569 

57.0 
571 

572 

SU MR80= RBO (I. J +VARR 
FP l=RWATlI J/RV*l. 
ZROSQ=SUMRO*SUHRO+~K8( IJ+XA/6PlJ*lXB~IJ+XA/FPlJ 
ZR8OSP=SLHRGIPcSURR8O+XB( IJ*KJJtIJ 
RVHONS=~RVHfIRVH+RON(IJI J*lRUHf (.RVM+RONlIJ JJ 
ZVALSQz ~RV+RA+RL0lJ~~IJJt(RVtRAtRLDD~I J J+XA*XA 
Q(IJ=QCCR*lZROSQfZREaSGJ*(ZVKSQfRV/RVJ*RVKChS 

1 *FPl*FPl*FRLtI #f tPA+RLOJllIIJJ 
10 CONTINUE 

THfS BLOCK .CORRECTS POWER DELIVERED TO PLATES 
IN TEST SECTlON FOR CG~DUOTIQNIRADIATION~ AND QFLCIW LOSSES 

SF=l. 
EWIS=O.l5 
TAR=~TINF+4bO.J/100. 
TWl=TCA'ST(lJ 
TW12=TCAST (L2 J 
KL-0.5 
KR=O .5 
K  BP=D. 0 
CALL CAVITY (KL, KR rM8P rTklrTWl2 J 
TUP=TO (45) 
TO OWN= TO 4 13): 
Twl=T0(45J+K~(39J*HHl45Jf20.5 
TW12=TO0(13J.+Kt13 I*HM(13)/20.6 
T0~13J=0.75*T0~13l~0.2'*TW12 
TOI45J=0.75*T0(45J+G.2YrfWl 
IF (HH(13J.EU.D.:J TC(13J=0.5*~T0(12J+TO~l3JJ 
IF (HH(45J.EQ.O.J T0~45J=0.5*lTO~lJ+T0l45JJ 
DO 109 I=lr12 
TOR=~TO~IJ+k60~Jfl00. 

' IF(I.EQ.lJ GO Tb 98 
QCDND=K~IJ*ITO~I J-TCAV~IJJ+SIIJ*(TO(IJ-TOlI-1J J+S~I+lJ*(TO( IJ- 

1 TOlItlJJ 
GO TC 100 

58 OCOND=K( IJ*tTO(I J-TCAV(I J J+SdIJ*(TO( I J-TOl45JJ 
1 +StI+lJ*(TOIIJ-TadI+lJJ 

100 ~RAD=A*Sf*ENIS*.1714*~TOR*TO~TOR*TOR-TAR+TAR*1AR*tARJ 

: ENERGY BALANCE IS APPLIEC TO PLATE 
573 GLlJSS=QCOlJC+QRAD+QFLDW~I J 
574 Q~IJ=C(IJ-OLaSSf3.4129 
575 ODOTl I J=O( I J *3.4 129/A 
576 109 CONTINUE 
577 T0(45J=TCP 
578 fOl l3J=TDOWN 

r 
L 

C THIS BLOCK COMPUTES HEAT CLUX FRCH RECOVERY REGION PLATES 
579 SF+l.O 
58C ‘. EMI S=O. 15 
581 T0(37J=TG(361-.333*1TO~36J-T0137JJ 
582 S(13J=7.0*S~13J 
583 ” fAR=(TINFt460.J/100. 
534 DO 200 I=13336 
585 TOR=dTO( I J+kbD.J /l OC. 
58t 200 QDOT~IJ=K~IJ*HMUIJ*~1.+~80.-TOlIJJf700.J 

l-S(IJ*tTO(IJ-TOLI-LJJ-SLI+lJ*dTOo-TClI+l JJ 
2 -SF*EMIS*~l714*~TCR*TGR+TOA*TOR-TAR*TAR*TARJ 

587 S~l3J=SlLJI f7.0 
C 
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C ASSUME ALL PROPERTIES CCRFECTi AFTER TEMPERATURE-HUMIDI iY CORRECTI’lY. 
C CM: ENERGY BALANCE ERRCR, WATT 

588 DQ -0.3 
C CkH : UNCERTAf NTY IN HMt 1J rMV 

585 DHtb0.025 
C DK : UNCERTAJ NTY IN HEAT FLUX METER CALIBPATICNe RATIO 

59c OK=0 -03 
C DS: UNCERTAJNTY IN CONCUCT ICL CCRRECTION ON HEAT FLUX !!ETEP rPATtD 

591 DS=0.05 
C OT: UNCERTAINTY IN TEMPERATURE,  F 

592 OT-0.25 
C CCDOT: UNCERTAIhTY Ih HEAT FLUX+BTLfHR.SPFT 

593 Da 711 I=l,lZ 
594 711 DODOTt I )=04*3.4129/b 
595 DO 712 1113.36 
5Yh 712 DQDOT(IJ=SQRT(oK*DK*K( IJ*KlIJ*HM~IJ*HHlIJ+K~IJ*KlIJ*OHP*DHH+DT*DT 

1*lS~IJ*S~IJ,S~I+:lJ*SlI+1JJ+DS*DS*lSlIJ*SlIJ~~TOlfJ-TOlI-lJJ~~TO~Il 
2-TO~I-lJJ+S~I+1J*SII+lJ~lTD~IJ-TOlI+llJ*~TO~IJ~TG~I+lJJJJ 

597 RETURN 
598 END 

595 SUBROUT INE ENTH9 I. 1 FAC 1, ST. REENeENDEJ 

COMPUTE ENTHALPY THICKhESS, PSSUMING THERMAL RL BEGINS AT 
C LEADING EDGE OF PLATE 1. COMPUTATION EASEC Ck COhTROL 
C VCLUKE FQR ENERGY ACDITfUh WITH BCUNDRIES PLATE CENTER 
C TO PLATE CENTERlEXCEPT PLATE 1J 
C 

600 COMMON/ 6LK3 fSAFR(12JrCI(12‘J,SM(l2J ,F(lZJ ,KC,AH.THEAf 
601 CCMHCYf ELK4 /T0~45J,T16~121,T2~12J,TCAS7~12J,TCAV~12J,TH~12J 
602 COPMiN/ I3LK6 /DXVO,CENC2rCF,CREENo,OST~36J,CCCCT(36J,DT~~12J 
603 DIf’EhSICh STIll,REEF((lJ~C2(.3~J,DD2(36J 
604 THtlJ=O.O 
605 Dfht 1 J=O. 
606 F(lJ=9.0 
607 DX=l. 
tot DWX=.S 15625 

C DDX: UNCERlAINfY IN DXr IN 
605 DDX=O.OOS 
61C Di!(l J=ENO2 
611 DD2( 1 J =DENO? 
612 IF (EYC2.EQn.O.J DZ(ll=STflJ*DX 
613 If (.NDT.ENOZ.EQ.O. J GO TO 229 

C 002tIJ: UKCER.TAINTY IY EN’IHALRY THICKNESS, 02, IN 
614 DO2t l l=SClRT~DX*DX*CSf( lJ*DST(l J.+ST(l J+ST(l J*CCX*CCXJ 
615 229 00 230 1=2,12 
t1t DZ~IJ=O2~I-1J+~ST~I-lJ+STlIJ~2.*F~I-lJ*T~~ I-1J J*DX 
617 AL=STl I JaSTII J+STlI-lJ*ST( I-lJ+FlIJ*FlIJ*TH~IJ*TH~IJ+FlI-lJ* 

lFLI-lJ*fb(I-1 J*fHl I-l J 
61t BE=DST~IJ*OST~IJ+DST~I-lJ*DSTlI-lJ+F~IJ*F~IJ~DT~lIJ~DTHlIJ+ 

LFII-lJ*FII-1 J*DTt-l I-IJ*CTk( I-lJ+DF*DF+lFlI J+Ft 13+THtIJ*tHlI J+ 
2t=~I-1l*F~I-1J*TH~I-lJ*lH~I-l~l 

615 230 DDZ(IJ=SQATlCCZ( I-1J*DC2~f-lJ+DDX~DX*AL+DX*CX*BE J 
620 02113J=D2( 12J+(ST( lZJ+i.*FlliJ*Tk(12J J*DX+STll3J+CUX 
621 DD2~13t=SPRTIOD2112J’DC2~l2JtDDX*DDX*~STll2J~STll2J+5Tll3J*STll3J 

l+F(12J*F(12l*TH( 12J*TH(12J J +DWX*CWX*CSTl13l*DST~l3J+ DX-DX*( 
2DST(12J*CSTl.L2J+F~Ii)*F( 12J*CTHl12J*DTHl12J.+CF*DF*Fll2J*Fll2J* 
3THl12l*TH( 12 J J J 
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622 DO 231 I=14926 
623 DLiIJ=DZiI-1 J+iST(?-lJ+STi IJJ*DWX 
624 IF iI.EQ.14~A~D.KY~EQ.lJC2il4J=D2il4J+2.*F~l2J~?H~l2J~DX 
625 231 002(i)= 5QRTiCC2i I-lJ*DDZi I-IJ+DDX*DDX*iSTiIJ*STiIJ+ST(I-lJ* 

lStiI-lJJ+ D~X*DWX*iCST(IJ+CSTiIJ+L!STiX-lJ*DST(?-1JJJ 
C COMPUTE ENTHALPY THICKNESS REYNOLDS NUMBER FCR CENTER 
C OF PLATE easED ch DZ( IJ FCR ENERGY mxa TO THAT POINT 

626 DO 240 I=1936 
627 REEN i I J =FACT*D2i I J 
62E 240 DREENiIJ=FACT*OD2i IJ 
c2 5 RE ‘IURN 
63C END 
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Appendix: IV 

ON THE HEAT TRANSFER BEHAVIOR 
i. 

FOR THE INITIAL FILM-COOLING ROWS 

Consider, for example, the data for 8 = 1 and M = 0.4 inFigure 
3.3 or the data for M = 0.2 and 0.4 in Figure 3.6. It can be seen 

that introducing hot fluid onto a hot wall ((3 = 1) causes Stanton num- 

ber reductions of about 10 and 30 percent for the first two rows of holes, 

respectively. 
The identical Stanton number reduction for M = 0.2 and 0.4 with 

8 = 1 indicates a similar hydrodynamic behavior for the initial blowing 

rows and low M. (In fact, this type of behavior is seen for low M in 

all the P/D = 5 data.) Presumably, for low blowing ratios the jets are 

immediately knocked over onto the surface by pressure forces. The Stan- 

ton number reduction for low blowing ratios can be explained by consider- 

ing the folfowing simple analysis, along with the sketch below. 

---- 

0 

0 
---- 

--CT 

0 

0 

-n 
m *CONV 

Ezh -- 
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As the jet of coolant emerges from a hole in the first roti, it will 

.displace the boundary layer fluid and the new fluid will lie along the., 

surface downstream. The total heat transfer from the surface(for an' 

area associated with one hole) can be decomposed'into two parts,. 

; = ; 
conv + :2 (IV.1) 

Introducing a convective rate equation, the heat transfer rate becomes 

: = hconv Aconv (To-T,> + h2 A200-T2> (IV.2) 

where the subscript "2" refers to the injectant conditions. 

By forming a Stanton number, equation (IV.2) becomes 

St = SA P,Umc (To-T,) 
(IV.3) 

where A = (Aconv + A2) and 8 is the temperature parameter. Thus, 

A 
St 03) = Stconv 

. yx+ St A2 
2 r (1-e) (IV.4) 

For the first blowing row, in the limit as M -t 0, h2 + hconv; 

for larger M, h2 > hconv. Consider the limiting case for P/D = 5 

and 8=1. 

st(e = 0) = St0 (IV.Sa) 

A conv St(8=1) = St - 
0 ( 1 A = 0.90 St 

0 
(IV.5b) 

where St0 is the Stanton number at M= 0. This 10 percent depression 

is precisely the Stanton number behavior for Figure 3.6 for no upstream 

thermal boundary layer. Note that the corresponding prediction for 

8 = 0 is st(e = 0) = st 0' The fact that St(8 = 0) > St0 for Figure 
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3.3 reflects the;influence of the existing thermal boundary layer. 

However,. the St(B = 1) behavior is identical to that in Figure 3.6.. 

If the same analysis and assumptions are carried out for,the second 

row of holes, it is found that 

st(e = 1) - 0.70 St0 (IV.6) 

which. 5s precisely what the experimental data exhibit in Figures 3.3 

and 3.6. 

To proceed further would be meaningless because of the fast growth 

of the thermal boundary layer and increased turbulent mixing. The analy- 

sis is intended only to explain the data trend for the first two rows of 

holes. 
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Appendix V 

ON AN ASYMPTOTIC STANTON NUMBER AND JET COALESCENCE 

It is perhaps important to readdress the 8 = 1 data and ask 

whether it will approach a constant, non-zero value or whether it will 

monotonically continue to decrease. Recall that most of the 8 = 0 

data approaches an asymptote, independent of the number of rows of holes. 

The importance of the question is embodied in a relation derived by Choe 

et al. (1976) to relate the Stanford data to effectiveness data. 

St(M,&l) 
n = IL- St(M8=0) , 

Consideration of this equation is made in light of the n data of 

Metzger et al. (1973) and Mayle and Camarata (1975). Note that the only 

ways for n to approach a constant is for St(8 = 1) and St(8 = 0) to 

decrease at the same rate, or for St(8 = 1) to approach a constant in 

a manner similar to the St(8 = 0) data of Figure 3.3. 

Metzger's data at M = 0.2 (normal-angle injection) showed a near- 

zero derivative in TJ at about 40 hole diameters downstream. Mayle and 

Camarata found that for M = 0.5 (compound-angle injection) the deriva- 

tive dn/dx becomes zero (100 hole diameters downstream of the array 

leading edge) for all P/D. Mayle and Camarata write, in explanation: 

"This result indicates a balance is nearly reached between 
the jet-mainstream mixing, which reduces the cooling effect, 
and the periodic coolant injection which, of course, is intended 
to increase cooling. At higher mass flux ratios the film effec- 
tiveness is seen to be still increasing at the last row of holes 
[writer's note: 25 rows of holes for their P/D = 8 surface]; 
however, the rate of increase is reduced from that of the first 
half of the pattern. Besides being a consequence of the film 
approaching the coolant temperature, with the result that each 
successive injection is less effective when based on the original 
coolant-mainstream temperature difference, the reduced rate of 
increase is also a consequence of jet coalescence." 

In support of a constant effectiveness, the study by Choe (the nor- 

mal injection study at Stanford that preceded this study) did obtain 

data with near-constant effectiveness for M = 0.2. However, for these 
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data both St(l3 = 0) and St(8 = 1) were decreasing at the same rate 
to produce this constant n condition. 

The data reported herein for 30-degree slant-angle injection show 
no evidence of producing a constant effectiveness, as would be calcula- 

ted according to equation (3.1). Note that n is calculated for all 

data sets and is given as a part of the tabulations in Appendix I. How- 
ever, based on the Mayle work, it is probable that the 55 hole diameter 

flow length of the P/D = 5 Stanford test section is not long enough 

for establishment of a constant Stanton number with slant-angle injec- 

tionatlow M and 8=1. It is interesting to note that the film- 

cooling model, discussed in Chapter 4, predicts that St(8 = 1) 

approaches a nearly constant value when the computations are carried out 
for 24 rows of holes. 

The question of jet coalescence with full-coverage film cooling 

(mentioned in the preceding quote by Mayle and Camarata) was first raised 

to us in a private cormnunication with Prof. J. H. Whitelaw, Imperial Col- 
lege, London. If the jets begin to coalesce, the cooling will be reduced, 

as Mayle and Camarata indicate, because the area of coverage will be re- 

duced. This could contribute to an asymptotic Stanton number behavior. 

Following Whitelaw's suggestion, a check for coalescence downstream of 

the last blowing row of the slant-angle test section was carried out by 

S. Yavuzkurt, a research student in the Mechanical Engineering Department 

at Stanford. He probed the velocity and thermal boundary layers for in- 

jectant conditions at high blowing ratios (up to M = 2.0) and found no 

evidence of jet coalescence. 

227 

I 



Appendix VI " 

SHEAR STRESS AND MIXING-LENGTH PROFILES 

The shear stress profile is computed following a procedure given in 

Simpson, Whitten, and Moffat (1970). The shear stress in the boundary 
layer over a film-cooled surface can be written as. 

‘r-T 0 d62 P = -- 
6; dx . dy 1 

(VI.1) 

+g u- 
( 

u2 cos a 
0303 v, UC0 1 

In the above equation, the mass flux into the,boundary layer is pl;e- 

sumed to have a velocity component Ux. Integration of equation (VI.l) 

to y=6 results in the momentum integral equation of the form given 

by Choe et al. (1976). ) 
. 

d62 cf u2 cos a 
v = -- 

dx 2 ?zo (VI.2) 

Combining the above two equations, the following equation can be ob- 

tained: 

F (1 - M cos 1 + Cf/2 a) 
+ 'I = 1+ 

62 
(VI.3) 

-$-[y~dY]++&- M cos a] 
+ where 'I = T/To, Cf/2 and F and M are defined in Chap- 

ter 1. 
+ 

Equation (VI.3) is the computing equation for T . From this the 

mixing-length can be computed. The shear stress is defined as 

T alJ 
F = (v + EMI ay (VI.4) 
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where EM is the eddy diffusivity for momentum. It can be defined in 
terms of the Prandtl mixing-length as 

EM = i2 av I I ay (VI.5) 

Combining the above two equations resnlts in the computing equation for 

the mixing-length profile,- b 2 

The key to computing the shear stress and mixing-length profiles is 

an assumption for Cf/2. This was obtained using the Re62 value for 

the spanwise-averaged profile and an analogy between (Cf/Cf,) and 
(St/Sto). For the evaluation of the equations, Cf = 0.001 was used. 
The value of the friction coefficient is relatively unimportant; what 

+ is important is the qualitative trend of 'c and R for the spanwise- 

averaged profile. 



References 
: .’ 

Bergeles, G., Gosman, A. D., and Launder, B.E. 1975. The prediction of 
three-dimensional discrete-hole cooling processes: I - laminar flow. 
ASME Paper 75-WA/HT-109. 

Campbell', J. F., and Schetz, J. A. .1973. Analysis of the injection of 
a heated turbulent jet into a cross flow. NASA Rep. TR R-413. 

Choe, H. 1975. The turbulent boundary layer on a full-coverage film- 
cooled surface: an experimental heat transfer study with normal 
injection. Ph.D. Thesis, Stanford University (also published as 
Choe, Kays, and Moffat 1976). 

Choe, H., Kays, W. M., and Moffat, R. J. 1976. 
on a full-coverage film-cooled surface - 

Turbulent boundary layer 
an experimental heat trans- 

fer: study with normal injection. NASA Rep, CR-2642. (Also 
Stanford Univ. Dep. Mech. Eng. Rep. HMT-22). 

Colladay, R. S. 1972. Importance of combining convection with film 
cooling. NASA Rep. TM X-67962. 

Colladay;' R. S., and Russell, L. M. 1975. Flow visualization of dis- 
crete hole film cooling for gas turbine applications. NASA Rep. 
TM X-71766. 

Crawford, M. E., and Kays, W. M. 1975. STAN5 - a program for numerical 
computation of two-dimensional‘internal/external boundary layer 
flows. Stanford Univ. Dep. Mech. Eng. Rep. HMT-23. 

Eriksen, V. L., Eckert, E. R. G., and Goldstein, R. J. 1971. A model 
for analysis of the temperature field downstream of a heated jet 
injected into an isothermal crossflow at an angle of 90". NASA 
Rep. CR-72990. 

Esgar, J. B. 1971. Turbine cooling - its limitations and its future. 
HiPh Temperature Turbines, AGARD Conf. Proc. No. 73: 14.1-14.24. 

Goldstein, R. J. 1971. Film cooling. Advances in Heat Transfer 
7:321-379. 

Goldstein, R. J. et al. 1969. Film cooling following injection through 
inclined circular tubes. NASA Rep. CR-73612. 

Herring, H. J. 1975. A method of predicting the behavior of a turbu- 
lent boundary layer with discrete transpiration jets. J. Eng. 
Power 97:214-224. 

Kays, W. M. 1966. Convective Heat and Mass Transfer. New York: 
McGraw-Hill. 

230 



Kays, W. M., and Moffat, R. J. 1975. The behavior of transpired turbu- 
lent boundary layers. Studies in Convection, Vol. 1. New York: 
Academic Press, 223-319. 

Kline, S. J., and McClintock, F. A. 1953. Describing uncertainties in 
single-sample experiments. Mech. Eng. 75:3-8. 

Launder, B. E., and York, J. 1973. Discrete hole cooling in the pres- 
ence of free stream turbulence and strong favourable pressure gra- 
dient. Imp. Coil. Rep. HTS/73/9. 

Le Brocq, P. V., Launder, B. E., and Pridden, C. H. 1971. Discrete 
hole injection as a means of transpiration cooling - an experimental 
study. Imp. Coil. Rep. HTS/71/37. 

Mayle, R. Et, and Camarata, F. J. 1975. Multihole cooling film effec- 
tiveness and heat transfer. J. Heat Transfer 97:534-538. 

Metzger, D. E., Carper, H. J., and Swank, L. R. 1968. Heat transfer 
with film cooling near nontangential injection slots. J. Eng. 
Power 90:157-163. 

Metzger, D. E., and Fletcher, D. D. 1971. Evaluation of heat transfer 
for film-cooled turbine components. J. Aircraft 8:33-38. 

I 
Metzger, D. E., Takeuchi, D. I., and Kuenstler, P. A. 1973. Effective- 

ness and heat transfer with full-coverage film cooling. J. Eng. 
Power 95:180-184. 

Moffat, R. J. 1962. Gas temperature measurement. Temperature - Its 
Measurement .an.ddControl in Science and Industry. New York: Rein- 
hold, 3:553-571. 

Moffat, R. J. 1968. Temperature measurement in solids. ISA Paper 
68-514. 

Pai, B. R., and Whitelaw, J. H. 1971. The prediction of wall tempera- 
ture in the presence of film cooling. Int. J. Heat Mass Transfer 
14:409-426. 

Patankar, S. V., Rastogi, A. K., and Whitelaw, J. H. 1973. The effec- 
tiveness of three-dimensional film-cooling slots - II. predictions. 
Int. J. Heat Mass Transfer 16:1673-1681. 

Whitten, D. G., Kays, W. M., and Moffat, R. J. 1967. The turbulent 
boundary layer on a porous plate: experimental heat transfer with 
variable suction, blowing, and surface temperature. Stanford Univ. 

‘Dep. Mech. Eng. Rep. HMT-3. 

Simpson, R. L., Whitten, D. G., and Moffat, R. J. 1970. An experimental 
study of the turbulent Prandtl number of air with injection and suc- 
tion. Int. J. Heat Mass Transfer 13:125-143. 

231 
*U.S. GOVERNMENT PRINTING OFFICE: 1976 - 735~004/20 


